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Earthquake Seismograph Development: 
A Modern History— Part 2 


BenS. Melton 

Introduction 

Part 1 of this history covered the development of earlh- 
quake-typo seismometers from 1 948 Into 1 976. Part 2 covers 
Die ancillary amplifiers, recorders, and timing systems which 
are required for complete observatories and which were de- 
veloped over about the same time period mentioned. (The 
Rgures in this part are numbered continuously from part 1 .) It 
is not Immediately obvious how seismometer development 
depends on creation of appropriate amplifiers, nor how re- 
corder Improvement depends on amplifier output power 
available. Nor Is it obvious that timing system design was 
irlllated as an integral part of the observatory and that Its 
functions have been modified as necessary with the advanc- 
ing art. 

For example, the effective sensitivity of Benloff’s massive 
seismometers was limited to the optical magnification pro- 
vided by a sensitive, low-frequency galvanometer, followed 
perhaps by magnification of the single trace on photographic 
film. Multiple traces on that same film could not be accommo- 
dated because a strong signal on one trace caused that trace 
id cross over adjacent traces. Recording of multiple traces 
required ‘suffer’ galvanometers and an entirely new design of 
photographic recorder; and the less sensitive galvanometers 
required greater signal power to drive them. The limiting opti- 
cal aperture also had to be considered. Eventually electronic 
amplification made possible the design of very small seis- 
mometers that could be Installed In deep holes, away from 
local surface disturbances. 

Although timing system development is not related to seis- 
mometer-amplifier combinations, it relates directly to the re- 
cording system and to the filing and recovery of data. Provi- 
sion of a commercial-frequency power source made practical 
tha use of available synchronous motors to drive recorders at 
constant speed; crystal frequency control with reference to 
universal world time allows recording of timing codes related 
tothal time. Magnetic recording now justifies a timing code 
that permits high-speed automatic search for a specified 
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Amplifier ^ * L ° W * Froquency Seismograph 

Mcrat modern seismographs use a coll moving In a magnet- 
ic field to deliver an electrical output to a galvanometer, the 
galvanometer consequently deflecting a light beam to make 
a photographic record. This is a satisfactory arrangement so 
long as there Is no need to view the record before its photo- 
graphic development. In such cases the galvanometer offers 
two advantages: It has no inherent ‘one-over-f noise, and Its 
inherent natural period offers a means of filtering, to reduce 
the seismograph response outside the passband. This in- 
cludes tidal accelerations and the long-term tilting of the 
earth's surface, which particularly affects horizontal seis- 
mometers. The chief disadvantages of a galvanometer are lls 
reponse to mechanical vibration and its lack of ruggedness, 
particularly if it has a natural period of tens of seconds. In any 
case, there is a need for a more flexible system to avoid the 
photographic process. 

At the beginning of the period covered by this history, there 
were no satisfactory low-frequency electronic amplifiers 
available, l.e., there were no electronic devices suited to am- 
plifying the microvolt output levels of a seismometer at peri- 
ods greater than 1 s. Therefore, in order to measure directly 
and record the seismometer outputs, 'chopper' amplifiers, 
built by the Perkln-Elmer Company In Glanbrook, Con- 
necticut, were purchased lor experimental seivlce. These 
were called 'D.C. Breaker Amplifiers.' In these amplifiers, a 
motor drives two switch ('breaker') assemblies on a common 
shaft: one switch at the input, the other al the output. The 
switch at the input reverses the low-frequency ('D.C.') signal 
150 times a second, and the resulting 75-Hz signal passes 
through a transformer to a conventional electronic amplifier. 
The amplified signal goes through another transformer and is 
rectified by the output switch assembly In order to restore the 
polarity of the input signal, which can be dc. 

Genesis of the Galvanometer-Phototube Amplifier 

The D.C. Breaker Amplifier was unsulted for constant field 
service, and efforts continued to locate or devise a satisfac- 
tory substitute. Then, by chance, my attention was directed to 
a similar need by the U.5. Coast and Geodetic Survey 
(USC&GS), headquartered in the Department of Commerce 
building In Washington. D.C. The Aleutian earthquake of 
April 1 , 1 946, (magnitude 7.4) caused a tsunami (tidal wave) 
which rolled across the Pacific and inundated (he coastal 
area of Hawaii, resulting in great destruction of life and prop- 
erty. The USC&GS executive officer then offered to give im- 
mediate notification of future large earthquakes— not realiz- 
ing that most seismographic observatories used photograph- 
ic records which could not be viewed until alter development. 

In the Commerce building basement there was a seis- 
mometer whose output was used to drive a pen-and-ink re- 
corder in an upstairs hall, for public viewing as earthquakes 
were recorded. This seismometer drove a conventional gal- 
vanometer. A light beam directed onto the galvanometer mir- 
ror was focused to a small spot on one edge of a slit, behind 
which was a photocell. As the galvanometer deflected the 
spot more or less onto the photocell, its conductivity varied, 
and the resulting output voltage was amplified by a conven- 
tional three-stage vacuum-tube amplifier that employed 1 -/iF 
coupling capacitors between stages. The amplifier output 
was connecled to the recorder. The system worked, but cou- 
pling capacitor leakage was troubling, and strong input sig- 
nals sometimes caused the amplifier to 'block' for several 
seconds. 

Tom Pearce of the USC&GS was well aware of the diffi- 
culties mentioned and graciously accepted suggestions. I 
proposed the use of a double-cathode phototube, with the 
light spot directed so that half would fall on each cathode 
when the galvanometer was at rest. Then the phototube 
cathodes could be connected directly to vacuum-tube grids in 
a balanced (two-channel) amplifier with cathode follower out- 
puts going directly to the recorder, which happened to have 
balanced driving colls. Such a system could be built without 
coupling capacitors and would amplify well at low frequen- 
cies Also, as much of the system voltage gain would be in 
the phototube, the amplifier should not contribute objection- 
able noise. Such an amplifier circuit was built by Roger M. 
Wilson and Laurie R. Burgess In late 1949 (see W//son and 
Burgess, 1952]. However, they cascaded two stages and 
used two phototubes, one on either side of a pair of mirrors 
set at riaht angles to each other. The adjoining mirror edges 
split the galvanometer light beam to direct the two portions 
Into the phototubes. This system was quite satisfactory, .and 
it established my credibility with Captain EIHott I B. Roberts. _ 
the USC&GS executive officer— an Important factor In the fol- 

10 BvearlvMMi the commercial laboratories under Air Force , 
contract had not yet located or devised a saffsfactory Ipw* 
frequency amplifier, so I requested Roger Wilson to build a 

-■ tyke jh a bridge circuit; which was amplified by a cathode 
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Richard A. Arnett of Geotech accepted the system In prin- 
ciple soon after my demonstration, and the Model 1450 
phototube amplifiers were developed and in field service by 
November 1952. Figure A (cover) is a view of this amplifier, 
open to show Its construction and controls. II had a bal- 
anced (two channel) cathode follower output which 'floated* 
above ground potential. It continued in field service until 
1961. However, in 1956. NBS undertook ils evaluation and 
suggested means of improvement. These suggestions, and 
a concentrated engineering effort that began in May 1957, 
resulted in a new design. Model 4300, which went into pro- 
duction in August 1 958 together with a separate power sup- 
ply and litter stage, Model 4304. Controls were simplified 
and stability greatly improved in this model, which provided 
a gain of about 100 dB and a dynamic range slightly greater 
than 70 dB. lls noise level appeared to be limited only by 
ihe thermal agitation of Its input galvanometer. Figure B 
(cover) shows this model with its power supply, and Figure 
C (cover) reveals the arrangement of Ihe galvanometer and 
other elements in the amplifier case. 

In November 1959 the author talked with Hugo Benioff, 
Frank Press, Walter Rusks, and later with Forest K. Harris 
of NBS, suggesting that it might be advantageous to design 
a rugged long-period galvanometer specifically for seismo- 
graph use. Harris than undertook such a design, with some 
suggestions by D. P. Johnson, and the experimental con- 
struction and engineering was transferred to Gaotech about 
April 1960. Figure 26 shows this galvanometer and its un- 
usual details. It was incorporated in a long-period phototube 
amplifier. Model 5240A, shown in Figure 27. 

Carrier Ampliliers 

Although ihe galvanometer-phototube amplifiers wero sat- 
isfactory in most respects, there was continuous pressure 
from electronic design engineers and others to replace the 
galvanometer. In part this was Justified on tho basis of lower 
cosis and greater familiarity with electrical than with mechan- 
ical design. It could not be justified on the basis ot a tower 
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. Fig. 26. Lorig-period galvanometer dastaneci by p. K. Harris: (a) . 
uncased view. <i>) coil and mirror structure. <c) cross section of mag* 
netlo elements showing flux paths. >• . 
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F<Q 27. Long-period phololubo nmplllior Hint Incorporates Iho 
Harris galvanometer. 

nolso level, at loost in principle, as Ihermal agitation noise 
would be the limit In any case. But the noise that increased 
wilh period could be avoided by performing all amplification 
ot high frequencies. Fn such a systom, the low-frequency sia- 
nal mixes with a high -frequency carrier in soma type of mod- 
ulalor. which should not ilself inject appreciable noise or dis- 
tortion. The resulting carrier with sidebands is then amplilled 
and, at n higher power lovel, demodulated, again with negli- 
gible distortion, to recover tho low-fraquoncy signal, which 
can bo digitized if desired. 

In August 1962. Texas Instruments made available to NBS 
™ new rG aclance* amplifier to be tested and evaruated 
Different models of this amplifier bore the designation RA. 
followed by a model number. The modulator fn this amplifier 
employed a pair of voltage-controlled solid-stale capaci- 

? 5 ™ 2 ° d0Sl °" d bias ce,,s - A high-frequency oscil- 
ator supplied Ihe capacitance control voltage, so that anv 
low-frequency signal was modulated ■parametrically to nro- 
duce a carrier with attendant Bldebands. The carrier with 
sidebands was amplified at high frequency and subsequently 
demodulated to recover the low-frequency signal. This ampli- 
fier was described by Its inventor Biard 1 1 963] and also by P 
Davis and Ezell [ 1963|. The amplifier was relatively noise- 

Sj to an input lm pedance on the order of 

500 000 ohms, but it exhibited Input current noise when con- 
nected to much tower impedances. There is a practical diffi- 
culty in winding a 500 r 000-ohm coil fora seismometer with- 
out obtaining reakage or short circuit between some of the 
turns, in any case, there remains the ihermal agitation noise 

of the input impedance. 

In 1 969, ITHACO Inc. of Ithaca. New York, devised a pro- 
ampler. Model 6089-74. This amplifier was 
packaged by Geotech and subsequently used in every chan- 
lbe to^-pwiod array of symmetrical triaxial seismome- 
ters installed in Alaska. In this amplifier the low-frequency 


signal was chopped at carrier frequency with an electronic 
switch composed of field-effect transistors. The resulting car- 
rier was amplified, demodulated, and passed through appro- 
priate filters to provide high-frequency cutoff and to limit long- 
term drift. Essentially this same amplifier was encased by 
ITHACO and sold as Model 1 54. 

Figure 26, taken from the paper by Melton [1976], shows 
Ihe noise spectra of several amplifiers when connected to 
different input impedances. All amplifiers tested showed 
steeply rising noise at long periods, probably originating In 
stages after demodulation. The phototube amplifier with a 
30-s galvanometer shows a hump In the noise response 
spectrum near Ihe galvanometer period, as expected. The 
rising spectrum at shorter periods was not investigated, but It 
could be from a parasitic mechanical mode of Ihe galva- 
nometer, the electrical resonance of the coil inductance and 
distributed capacity, or Just Ihe effect of post-galvanometer 
noise when such noise spectrum is divided by the galva- 
nometer response function (that Is, referred to the Input). 

After the ITHACO amplifiers were put in service on the 
long-period array channels, It turned out that the chopper 
switching process put carrier spikes into its broadband carrier 
amplifier. These spikes 'choked' the carrier amplifier, limiting 
its gain and therefore Ihe Input to post-demodulator stages, 
causing these stages to show their long-period noise. In view 
of ihis field experience, 0. D. Starkey designed an amplifier 
In which the carrier stages were limited to a very narrow band 
so that any switching transients would be suppressed. This 
amplifier, Geotech Subassembly 33330, eventually replaced 
ihe ITHACO amplifiers in the symmetrical triaxial array. The 
amplifier's long-period noise at 100 s was less than 4 dB 
above its input thermal noise level, its noise response spec- 
trum appears In Figure 6 of Melton's paper. 

The above carrier-type amplifiers were designed to accept 
a tow-frequency electrical signal; but if the basic requirement 
Is altorod, l.e.. made to sense displacement of a seismometer 
mass, the modulation function can be performed In a varying 
capacitor attached to the mass and frame. This has been 
d ° n ®‘ n various seismometers in the past. Including the 
DTMB and NOL seismometers discussed in part 1 It is a 
most important feature of the Geotech Model 36000 seis- 
mometer and will undoubtedly be a feature of many future 
designs, perhaps even displacing (he electrodynamic sys- 
em However, this change has many ramifications, not the 
least of which is the Increased dynamic range and resolution 
requirement. 


Preferred Forms of Seismograph Records 

The art of seismology depends upon visual Interpretation 
oi seismograph records by experienced seismologists. In this 
connection, magnetic tape is useless, columns of figures 
even more useless, and computer analysis is questioned un- 
ess It agrees with the seismologist's interpretation. There- 
fore, the final form of recording should be tailored to a hu- 
man s visual appreciation, in the broadest sense. If for valid 
reasons part of a seismograph system employs magnetic 
tape or digital processing, the final presentation, even on a 

Siorf fay ° SCil,0graph - should ba in a f orm for human per- 

0f V,3lb,e s0,sm °9raph record was made 
s f ‘ sm °9ra phs . which usually had lever sys- 
ems to magnify the motion of the heavy mass with resoect to 

f ~ e lever sys,ern terminated in a scrfber 
S ?- moked p !P 0r whicfl was pulled along to pro- 

vlde a relative lime axis. This recording system had a consld 

nrs b fn ma n f mlC rflng ^: perha P s 60 dB - # the ratio of scribed^ 
ire to maxlmuni amplitude is the measure. Photographic 
taices seldom showed this much resolution, but they could 
beproduced by galvanometers in the more flexible elec- 

«X^s.e y ms Bm3 ' WB "° W ,0 "° W ,he deVBl0 P™nt of re- 
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Fig. 29. Photographic recorder for direct optical recording ol pal- 
vanometer traces on 35-mm film stripe. This recorder could remain In 
a lighted area except when the film strips were being replaced 



Fig. 30. Pentastrip Film Viewer, manufactured by American I 
strument Company. 
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Early Photographic Records and Recorders 

Early photographic seismologlcal records were of two 
forms: sensitized paper and 35-mm film. The paper strips 
were about 30 cm wide and 97 cm long. Such strips were 
wrapped around a drum having a 90-cm circumference. As 
the drum rotated once every 1 5 min, a time scale of 1 mm/s 
was provided. On such a scale, microseisms show clearly 
when the system has good sensitivity. If the drum Is trans- 
ited along Its axis 3 mm per revolution, a 24-hour record can 
be accommodated on the single paper strip. 

The USC&GS recorders were designed to use 35-mm film 
on narrow drums having 90-cm circumferences. Single 
arums were only wide enough to accommodate one film strip, 
but several drums could be In one recorder. The photograph- 
ic trace was usually much finer on the film than on the paper 
record. Conventionally, the drums rotated twice an hour, pro- 
viding a time scale of 0.5 mm/s. The recorder drums were not 
enclosed, so the recorder was operated In a dark room. 

These recorders were equipped with galvanometers that 
were sufficiently sensitive to be driven directly from the seis- 
mometers. 

A similar recorder, Geotech Model 1301 A, was built in a 
light-tight case, by using a Benloff design. This recorder used 
5-Hz galvanometers for direct connection to seismometers 
and a 20-Hz galvanometer to be driven from a radio time 
receiver output. The drums carried 35-mm film strips, Just as 
in the USC&GS recorders. The drums were translated 0.795 
mm per revolution to provide spacing of the recorded trace 
on successive revolutions. Time marks were made on each 
trace by an electromagnetic device which changed the angu- . 
ar position of a small mirror In the light beam, thereby caus- 
ing the seismic trace to be deflected momentarily. Figure 29 
shows this recorder, which was in service early in 1963. 

Two such recorders were normally used, as follows: One 
recorder accepted the signals from four vertical-component . 
seismometers spaced 1 km apart along a line. On this re- ■ 
corder, time marks appeared on the four channels, but the 
tO-Hz galvanometer providing radio time was omitted. The . 
uf Sf n i rGcorder carried a signal trace summed from the fojj ; 
verucal-component seismometers, traces from the horizontal; 
north-south component and the east-west component, and a 
aaio time trace. Again, time marks appeared on all four ■ . . 
Son h9 radl ° Ume trace P rov,d,n 9 any necessary time cor- 

o U i! rimatlon p wave outputs of seismometers as much. . 

S 3 km apart usually will provide a slgnal-to-nolse Improve- . 
ha n ’ 7? C0n ^ denc8 fo the reality of a'weak signal Is en\ ; 
iihi^ by , com P arif i0 Individual seismometer outputs- Thus. ■ 
Important to examine several seismic traces at • . - 
wee In the same time region. Also, optical projection to a^ >■ . 

argerlmage 0 f each trace was desirable. Accordingly. ? ^ . . 

' projector was designed arid built in 1 952 by th® . 

, Thlra^^Hf trument °<>mpany ofSIlvdr Spring, Maryi«f£; . 

• ™f, w ? re flv 9 drums In th(s projected each carryings . 

tranail| uminated by an Incandescent lamp Jh® • ; . 

!S??2 d tracaima 0e8, magnified 10 times .werefopusad -- V; . Ei 

•• •: 21? 9 translucent screen in front of an operator's position, . 

V; 7® lma 008 being brought Clpse together oriiie screen fpf; 
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Tic. 31 ■ Diagrammatic outline of Develocorder® functional com- 
ponents. 




Fig. 32. Develocorder® In (simulated) operation, showing Illumi- 
nated record traces. The Images appear 10 min after recording of 
M-period waves, 70 min in the case of long-period recordings. 
There are only minor differences In appearance of ihe several mod- 
ft. 


easy comparison. Each drum could be rotated and lighted 
independently, or all drums could be rotated together by a 
hand crank coupled by independent clutches to each drum. 

Figure 30 shows this device, called a Pentastrip Film Viewer. 
Although this viewer was well designed for Its purpose at 
the time, it remained obvious that there would be a great ad- 
vantage If the traces from all seismometers in an installation 
could be recorded side-by-side on the same film strip. But 8 
to 12 hours ol a single trace filled one film strip, which could 
not be viewed until after development. There seemed to be 
"o simple change that would lead to a better system. How- 
ever.some unrelated events suggested an advance. ‘Corre- 
ction’ processes were much discussed in the literature at this 
bme. Upon seeking a practical means of performing the cor- 
feiation process on more than two signals, I asked NBS 
mathematician Chester Page to confirm some intuitive con- 
J™ about sign (polarlty)-matchlng multiple signals to es- 
aotish this coherence or a statistical measure of the probabll- 
l! roj signal existence in a noisy background. A theoretical 
study by phiijp R Karr [Me i ton and Karfi i g 5 7] | 0C j to the 
i art m!£ n 0 a Proi 001 to Diamond Ordnance Fuze Labora- 
(°OFL— associated with NBS) to devise a slgn-colnd- 
correlator. 

lstSc ^ Jack ) Rablnow accepted the project for DOFL in 
1851 but persuaded the Eastman Kodak Company (EK) 
adft i 8 ? bulld lhe n0C0 ssary recorder. Ford Tuttle accept- 
, ,or EK because it was In line with the company's 
com . ,! areat Thus EK agreed to devise a 1 6-mm film re- 
aivu n " atwou,d Process the film continuously for $10,000, 
^l add Wonal $580 to Incorporate a viewer into the 
\ may have besn th eir cost for a standard 1 6-mm 
would nh ln ,he P r °P° S0d recorder, small argon lamps 
and a I k J° indlcate Instantaneous polarity agreement, 
den slty of the resulting dots on the film would 
A W t i SnC0 of ai 9nal3 among several input channels, 
fnsntai ' y 0r and Geor 9 0 Breslin began work on the experi- 
aflooin!!f M d0r In January 1 952, and by March had an oper- 
un J ?r el ln whic h three small rotating drums carried fluids 
PosBd in ii 9 ? ® I nslti20d surface of the film that had been ex- 
from the flashing argon lamps. The first drum 
and i hp , )h ® V0lo P er solution, ths second drum fixer solution, 
flirt) SlJrf n ' rd dmm wash water, A current of air then dried the 
to ih n tbe com P ,0 ted recorder the film would pro- 
teiimanSJS 10 of a P r °i ector - ba translllumlnated by a lamp, 
Byth e nm tL hrouflb a P r °I 0C tor lens onto a viewing screen, 
booin tn? 0x Psrimental device was operating, I had 
sociaieri 1081 lnc OTporation of galvanometers with an as- 
vidofof JJr®® 1 Wam Into this same recorder would pro- ; 
%ah ihi? rd na and dewing simultaneous signals: Even 
Inogriv ^ ere n0 acceptable seismic amplifiers available 
service hu ,? 88Urned that such amplifiers could be In 
Son |n u y If ime a recorder could be designed for produc- 
dum 1 952 - 1 provided Ford Tuttle with e memoran- 
inilie nevr “f°T > P an y!ng figure to suggest desirable features.; ; 
Salvanomatl 0 . 1 reorder, I showed two alternative forms of ■' 
A few . C08, i n add itiOn tothe dot pattern. : . ; 

° nv rhlch 6ilf? 8 la * er EK delivered a working model recorder , 
akvig with , 9ht Qalvanbmeter-produced traces wqre recordpd 
^locBrnfi' 01 l P a| t 0r n8 from bight Inputs, but they did not . , 

^■The ■ ard tbe necessary engineering for produo-:. : 1 
Hy. which hMi!. Con,ract Went to American Instrument Compa- , 

r Soe f rSy rt teWlmkital modei, but. that' compel 0 .' 1 
^ent to U irin5 0 i? ded:t N cdritlnuatiqn of: jferder devsl^i • ; 
, . 0^ be as prpfltable ab friantifacture 6f their other 


Fig. 33. Film vlawer. This viewer accommodates unperforaled 
1 6-mm film and displays a x20 magnlilcatton ol Ihe photographic Im- 
age. 


lines. Geotech was then given a contract for the necessary 
development and englnesring for production. However, the 
dot pattern record was eliminated because experience 
showed (here was Insufficient advantage to be gained by the 
sign-coincidence correlation for detecting one or two cycles 
of a weak signal in noise. 

A major optical problem with the EK recorder stemmed 
from Its use of individual field lenses for each recording trace. 
These lenses concentrated the available light from the galva- 
nometer mirrors, and they were a necessary part of the opti- 
cal system in EK's opinion, but each field lens limited the 
excursion of the transmitted light beam to the edges of that 
lens. The result was to limit each film trace to a 'track,' thus 
preventing the trace from crossing one or more adjacent 
traces. This imposed a severe, probably unacceptable, limit 
on dynamic range. To increase light Intensity in ways other 
than through use of a field lens, EK had proposed use of a 
special ribbon-filament lamp. Ihe filament being imaged in 
place of a slit. I rejected this change because of future prob- 
lems envisioned in supplying special lamps. 

The individual most immediately concerned with further 
development and engineering was Jack W. McElwain of 
Geotech, although many other people and resources were 
available. The optical problem was solved by use of an 'opal 
glass' screen in place of the field lenses, plus further atten- 
tion to optical details, including Hie galvanomeler mirrors. A 
conventional automobile 1 2-V lamp (tail light) was eventually 
used, at reduced voltage, to increase lamp life dramatically. 

An incandescent lamp life varies inversely as about the 1 3lh 
power ol its applied voltage. 

Further development ol this recorder, dubbed 'Devel- 
ocorder®' by Geotech, depended upon details too numerous 
to describe. One subsystem was the time and date imprint 
feature, which involved many (rials and alterations but which 
was critically important for referencing purposes A com- 
promise here was acceptance ol numbered days oi the year 
rather than month and date. In an alternative arrangement, a 
cathode-ray oscillograph screen was Imaged on moving film. 
Figure 31 outlines the functional components of this recorder. 
The first production models were in service in mid- 1 958. 

About 270 have been manufactured, and most of them are 
still In service. 

Develocorders® have been manufactured in three ver- 
sions: a 16 -channel short-period, a 20-channel short-period, 
and a 20 -channel long-period model, all looking essentially 
like In Figure 32. The Develocorder® that records a cathode- 
ray oscilloscope screen appears the same but Is mounted on 
a cabinet which encloses the oscilloscope and Its controls. 
The oscilloscope screen Is horizontal, and it Is photographed 
through a chimney In the cabinet top. 

Although the Develocorder® provides for continuous In- 
spection of seismograms within a short time after recording, 
the review and analysis of these records may require some 
hours For this reason a film viewer, Figure 33. was designed 
and out in service in m!d-1 960. This viewer accommodates 
reels holding as much as 400 feet of film, although a standard 
Develocorder® Is designed to accept 200-foot rolls. A projec- 
tor produces a x20 Image magnification on a viewing screen, 
and the film can be moved rapidly or slowly through the pro- 

^ 9 One 9 oth e^r ^orcier, usetul for Instantaneous monitoring of 
seismograph operation, became available about 1954. This 
Is the 'Helicorder®,' which developed from a very similar de- 
vice used by Benloff. Benloff Introduced the method of scrib- 
Ina a line on a paper covered with a while wax, the senber 
having an eleclrtcally healed wire Up lor the purpose. How- 
ever the Benloff recorders were usually In groups of three, 
the drumB being on a long common shaft. When Jack Hamil- 
ton wanted to sell similar recorders to the Air Force, we told 
hlmThat they would not be purchased un ess hey were modi- 
fied ^standard rack mounting. The final design was a rack- 
mounted single-drum recorder that could accommodate from 
one to three soribers and whose drum could be run a ‘ v8ri0da 
nnoorfa riAoendenl upon the gears chosen. Figure 34 shows 
Seconter An assodated amplifier provided ad|ualable_ 
vohagegaUrand a timing Input drcult lo make lima marks by 

I deflecting the scribe a controlled amount. 


The Dry Fllm Recordet 


■ There have been many investigations and attempts to 
eliminate the wet chemical processes of the Devalocprdar®, 
•but none survived preliminary Investigation until about 1972, 

• ^ Surnflrri Wrtoatrlck 6f Geotech was given support to 
ffrXfa svstem aroui)d ft '3M' (Minnesota Mining and Manu- 
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35, provided all of the features of the Develocorder® and 
also accepted the output of a typewriter keyboard Tor record 
identification purposes. It was sold lo the Air Force in 1 974 
but never carried Into production because of the high costs 
($100,000) of necessary documentation and a very uncertain 
commercial market. Technically, It appeared to be a satisfac- 
tory device. 

Timing Systems 

If we assume that compressive body waves ( P waves) are 
to be used to locate the focus of an earthquake, we need to 
know the arrival times of waves from that event at four or 
more stations. Each time difference between two indepen- 
dent records of ihe event implies that it occurred along a sur- 
face of constant time differences, and the intersection of two 
such surfaces (minimum of three stations) with the earth's 
surface defines (fn principle) two epicenters; Ihe common in- 
tersection of three such surfaces (four stations) defines the 
focus, or hypocenter. 

In order that any of these time differences between stations 
can be measured, and assuming no communication between 
stations, their clocks must carry the same time. Before 1950 
a pendulum clock at a seismological observatory was 
equipped wilh electrical contacts that dosed at programed 
Intervals, the minimum interval being 1 min. These clocks 
were set closely to world lime, and their rale was monitored 
consistently so as lo know their error. In 1 949, world lime 
observatories ware located at Greenwich, England; Paris, 
France; the U.S. Naval Observatory at Washington, D.C.; 
and the NBS radio station at BollsvIHo. Maryland. However, it 
was difficult to bo assured that thoso observatories kept tho 
samo world limo within, say. a tenth of a second. They made 
independent star- transit observations at intervals when 
weather pormlliod, but each observatory's zonlth direction, if 
uncorrected, depended on tho local gravity vortical. Also, 
they had to rely on pendulum-controlled clocks ( froo-pendu- 
lum' Shortt clocks) for carrying Ihe lime between observa- 
tions. Crystal-controlled clocks were still under development 
and were not trusted. 

The Bell Telephone Laboratories wero approached to see 
if they would undertake development of a liming system suit- 
ed for use by Air Force stations. They declined, but recom- 
mended American Time Products (ATP), New York, N Y., as 
a competent organization to devise a clock whose basic rate 
would be controlled by an electrically driven tuning fork ATP 
had been building such fork-controlled devices lor use m tim- 
ing watch balanco-wheel rales Also, tho broadcast stations 
kept accurate scheduling time with ATP-dnven clocks 

Figure 36 shows the ATP programer designed tor the Air 
Force. In this device, a 240 Hz electrically driven tuning foi k 
in a temperature-controlled oven ted two cascaded multi- 
vibrator stages to deliver 60 Hz. A power amplifier provided 
about 50 W oi 60 Hz at a nominal 115V. Part of this power 
drove a synchronous clock motor. The motor drove a gear 
train to actuate switches by means of cams, and the switches 
were arranged to close a circuit on the tallowing schedule 
one0.3-s pulse every 10 s except on the minute. one0.5-s 
pulse every 5 min except on the' hour and half hour, one 1 .0-s 
pulse on the hair hour, and two 1 .0-s pulses, separated by I 
s, on the hour. 

The remaining power output was available to drive record- 
er motors in the seismograph station. 

To assure continuous timekeeping in Ihe even! of power or 
electronic failure, pendulum clocks were investigated. This 




Fig. 34 . Hot stylus visible recorder. The paper used on this re- 
corder has a black surface covered with white wax. An electrically 
heated stylus scribes a trace by melting the wax. Alternatively, a 
translucent paper can be used ao that removing the wax provides i 
negative for photographic reproduction. 





Fig- 35- Engineering prototype of a dry film recorder which uses 
a controlled laser beam to burn away tha surface emulsjon'ot the 
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Fig. 36 American Time Producls programs?. This device had 
switches mechanically programed by motor-drivon gears and cams 
to provide circuit closures at sctiocluleri time Intervals Tho circuit 
closures ncluntod electrical elomonts In associated solsmogrophlc 
recorders to put limo marks on tholr records. 


result ad In tho purchnso and uso of Brilish-mado Synchro- 
nomo Clocks, to bo driven from n separate battery supply. 
Tho escapement of this clock provides a contact closure 
evory 30 s. which energizes an electromagnet to give the 
pendulum a slight push at tho bottom of Its swing. The pendu- 
lum ihon swings freely until Iho escapement initiates another 
electrical impulse. The limo rate of this clock is good because 
its escapement requires very little energy— energy which 
would damp pendulum oscillations— and because very little 
energy is used to keep the pendulum swinging. (This clock is 
actually Iho slave portion of the two -pendulum Shorlt clock 
used In many lime observatories In the I950's.) 

in 1953 the crystal -controlled clock was reconsidered, and 
Texas Instruments designed a system, Model 100B, which is 
shown in Figure 37 To attain reliable operation of I he crystal- 
frequency divider chain, only binary dividers were employed 
to convert the crystal frequency to the 60 Hz desired ior oper- 
ation ol clocks and recorders. Unfortunately, this limited the 
choice of crystals to those whose frequency was a power of 2 
multiple of 60 Hz. crysiafs which were no I the standards in 
multiples ol 10. 

By the lime this system was designed, experience had 
shown that either the NBS station at Boulder, Colorado. 

WWV, or WWVH, the NBS station in Hawaii, could be re- 
ceived at nearly all Air Force observatories al some lime dur- 
ing any 24 -hour period. Therefore, a means of accurale ob- 
servation ol an NBS time signal relative to Ihe local crystal 
clock time was required. To accomplish this function, a naon 
lamp was mounted back of a slot in a disk which rotated once 
a second, the disk being geared so that the slit was at the top 
exactly on each second pulse ol the dock. The neon lamp 
was triggered on by the WWV lime signal on each (world 
lime) second. Then by the relation ol the light flash position to 
the lop of Ihe circle covering Ihe disk, the error in fractions of 
a second could be observed. 

Later, investigations disclosed that the crystal-frequency 
divider transistors were not driven well into saturation, so at 
higher ambient temperatures one or more stages might lock 
in an intermediate state, causing timing system failure. Also, 
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Fig. 37. Crystat-coflfrpfted Utring system tariff by Texas In- 
struments. This system was designed for operation from the at pow- 
er line, requiring 325 Wat 45 to 60 Hz; ■ 



Fig . 38. Modular assembly liming system designed for operation 
from a storage battery supply. 22 to 28 V dc. 

the 60-Hz output lubes overloaded because not all of the pri- 
mary turns of the output transformer were used, and much of 
the plate current was required to saturate the core. The cor- 
rective action was to use all ol Ihe primary. An appropriate 
secondary tap then raised the output voltage considerably. A 
step-down transformer and a lull-wave rectifier were con- 
nected to the output, and the resulting dc was Introduced as a 
grid bias to an earlier stage in Ihe amplifier, thereby lowering 
and stabilizing the power oulput voltage, also lowering the 
plate current of the output tubes. Installation of these 100B 
systems in alr-conditloned areas stopped the erratic failures 
in the frequency divider. 

The need lor a semiporlable liming system for use by tem- 
porary field observatories brought forth the next design, 
which was put In service In the latter pari of 1958. A modular 
assembly was proposed by James R. Womack of Geotech, 
with the obvious advantage that a change of functions would 
not require complete redesign. A tuning fork-divider clock/ 
programer that would deliver a simple sequence of time pul- 
ses was planned originally, but claims for a low-cost crystal 
oscillator with 10“ 7 precision and other desired functions re- 
sulted in a more sophisticated design. Figure 38 shows this 
Geotech Model 5400 system. The upper row of modules, 
from left to right, are (1) crystal oscillator with control to adjust 
frequency if necessary, (2) stroboscope to observe relation to 
WWV time signal to local clock setting, (3) clock and pro- 
gramer to deliver programed oulput pulses to recorder. The 
lower modules are (1) power amplifier to deliver precision 60 
Hz for recorder drives. (2) input power (24-V dc) distribution 
and control module with speaker, (3) crystal-frequency divi- 
der chain. (The crystal frequency Is 60 limes the 9th power of 
2, or 30,720 Hz, so nine binary counters comprise the fre- 
quency divider.) This timing system later became part of the 
World-Wide Seismograph System, Model 10700. The total 
network is now known as the Worldwide Standard Seismo- 
graph Network. 

With the advent of magnetic tape recording, and the atten- 
dant necessity of automatic scanning to locate a specific time 
on the tape, another form of time code was required. Also, 
long- period recordings needed a somewhat different time 
mark oulput than that for short-period records. To satisfy 
such requirements and to take advantage ol later technology, 
the Geotech Model 19000 system, shown in Figure 39, was 



Fig. 39. Improved timing system designed to provide several 
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devised. Better crystal oscillators provided a drift rate ol less 
^ n 1 ^ 1B function of comparing system time 
— Incorporated in anosdlKopeS 
three different sweep rates, and also provision was made n 
heterodyne the crystal oscillator frequency with the received 
radio signal. The magnetic tape lime code conformed lo 
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Digitization of records for computer processing was slow™ ' 
laborious. Magnetic tape recording was impossible with™ i ' 
the required low-frequency amplifiers. m 

At the end of the period the data on earth noise had h** 
collated and coordinated. Crystal or atomic clocks wet llL 
able. Vacuum tubes were nearly obsolete, while solld-stmT 
devices had advanced In sophistication and povvar-haS, 
capacity. The basic theory of seismometers is better unefer 9 
stood and has permitted the design of smaller, moreusZ’ 
instruments. Multichannel records are available for quick k 
spectlon, and digitization can be near the signal source* 
elsewhere In the system. The seismologist now has at fc 
disposal some tools which he could scarcely have foresaw, 
or even appreciated, In 1948. Technological advancesX 
1975 not covered in this history have altered many process* 
of handling large quantities of data, but l leave them form* 
era to discuss when enough time will have passed toparmi 
objective assessment of their Impact on seismology. 

Other than that, there Is a growing appreciation of thefea 
that noise measurements in deep wells In some formations 
now show a marked decrease of noise with increase ol fre- 
quency beyond 1 or 2 Hz. This is In a range suited totheuse 
of crystal-pressure accelerometers, wherein the Inertia ol a 
mass In contact with the crystal provides an adequate outem 
Dynamic damping here will prevent crystal oscillation and 
eliminate loss damping thermal noise, and electronic ampG- 
fiers are more easily designed for these frequencies. There, 
suit may be sensing capabilities beyond those Imagined 
today. 
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D ,IIH Pock selected for USGS 

Volcanologist Dallas Peck has been chosen by the Rea- 
nan administration to be the next director ol the United 
Ss 3 Geological Survey (USGS). Peck, chief geologist ol 
i: USGS since 1977, Is a past president of AGU's section 
on Volcanology, Geochemistry and Petrology. If the Senate 
smroves Raagan's choice, Peck will become the 11th di- 
Sorof the USGS, succeeding H. William Menard, who 
rasloned In January. Doyle G. Frederick, associate director, 
has bean serving as acting director. 

i t - : -fyf i 



Dallas Peck Is highly regarded throughout the Survey. 

Kis Held studies include notable work in the Cascades of 
western Oregon, In the Sierra Nevada bathollth, and at the 
Lava Lakes In Hawaii. He has been Involved with geologi- 
cal projects In Alaska as well as with numerous studies in 
ihe U.S. related to geothermal and volcanic energy 
sources. 

The Geological Survey will benefit from Peck's adminis- 
iraiive abilities. He first joined the Survey as a field assist- 
ant during the period 1951-53. just after receiving his B.S. 
in geology from CalTech and while he was completing re- 
quirements for the M.S. He then went to Harvard for doc- 
toral studies and rejoined the survey to finish his thesis. 

The thesis was completed In 1960, and he was awarded 
the Ph.D. degree. Between 1960 and 1977, Peck followed 
ihe customary USGS practice ol rotation between field and 
administrative duties. It Is often said lhat the USGS direc- 
tors during that period considered his advice, counsel, and 
services Indispensable. He had to fight for his terms In the 
field, away from Washington. 

The USGS has been noled throughout Its history for Its 
professional excellence. It would appear that there will be 
no break In that tradition under Peck’s direction .— PMB 81 


Million to Observe Oceans Proposed 

Most serious ol the obstacles to understanding ocean cir- 
culation Is the 'absence of any widespread means for ob- 
^ng It,' according to the recent report of the Ocean To- 
P°flraphy Experiment (TOPEX) Science Working Group. To 
overcome this hurdle, the panel recommends a 5 -year sal- 
J 8 altimetry experiment lo measure the ocean'9 topogra- 
phy. Aim ol the experiment would be to yield a global view 
« ocean dynamics. A better estimate ol the geoid — vital lo 
many geophysicists— would result from TOPEX, the group 
sw. A better understanding of ocean circulation would 
"jjald commerce and shipping, fishing, national defense, 
father prediction. In addition, It could help to evalu- 
al Jw 9an disposal of radioactive wastes. 

Oceanographers now rely on ships, buoys, and drifting 
jcjis to yield ocean data. These Instruments, however, can 
Sr 181 ? ** ocean f° r 0 few months at a time In discrete 
S*- 'No existing method permits observation on the 
r"*! scale thal Is required to measure and understand the 
J"" 1 08 an entity the panel reported. Satellite altimetry of 
“^oceans has the 'demonstrated capacity* to observe 
? ean delation, the working group concluded. 

established last year by NASA's Environmental Observa- 
tion, the TOPEX group was charged with assess- 
es yta usefulness of satellite measurements of ocean to- 


- —o.umes8 or satellite measurements ui uuoou «/- 
HjjP'jy. Cad Wunsch of the Massachusetts Institute of 
nnotogy chaired the 15-member panel. The Jet Propul- 
Laboratory was responsible for conducting the study, 
group recommended that NASA start a 5-year aatel- 
wlimetry experiment to measure ocean topography. 
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daiT* Hl eaaur0m enta would be Integrated with subsurface 
Jib n arK ^ bedels of the ocean's density field to determine 
r[! Bral circulation and variability of the ocean, accord- 
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It’s. an unlikely, candidate, though, 
fiscal wj? 301 10 83 budget with the present tightening of the 
uyuj 811 ' he added. . ' .. j ' 

Ji 9 nL!j a ( t0ll ' le The working gi“oup emphasized _ 

MilSi 01 ,tle 0cc uracles obtainable with a TOPEX satel* 
t Wrnqf,l a ? lJracl08 ' ^ 0 W o r1<! n g group aakl. have been.'.: 
jy d J^ed with Geos-3 and Seasat, In addition, aitlme- . 
|w n °t depend ph cloudless skjes and good weather;.' 
cultvin Ha r ^ e , r ahy condltlons.i Heavy. rplh.may cause dlffl- 

^e wo^il ? l0rpr ^ atlonr &*****■'} ’ 
jw^Jnggroup also opinted tohedatalnterpretsHon 
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of water In the sea tends lo manlfesl itself as an elevation 
change of the sea surface proportional to the strength of 
the surface currents. If the currents are time varying, then 
too Is the surface elevation.’ In addition, this sea surface 
variation quantifies the surface pressure ol the sea (not at- 
mospheric pressure) directly related, by known equations of 
motion, to subsurface water movements .— BTR « 


Geophysics at Sea: Rising Fuel Costs 

In the past year or two the costs of fuel lor research ves- 
sels have seriously affected geophysical and oceanograph- 
ic studies at sea. Many vessels have not left the dock dur- 
ing that period, others have been used sparsely, and re- 
search programs have suffered. 

The National Science Foundation has considered new ef- 
ficient vessels to replace the currently existing fleet. New 
propulsion systems are being considered, although for this 
decade, no large breakthroughs are expected in the effi- 
ciency of diesel engines. 

Ten years ago, diesel bunker fuel sold lor about 15c a 
gallon. In 1973 the price had tripled lo about 45e. In 1980 
the price per gallon had risen to more than one dollar, 
about 700% increase over the pre-1973 pricesl The luel 
costs always were a large part of the operation budget of a 
research ship, so the Increases have affected (he entire 
oceanographic community. A small marine engine ol ap- 
proximately 400 horsepower, operating at 75% ol Us load 
capacity for a year’s use In 1970 cost about $15,000. At a 
cost ol $105,000 In 1980, the engine would be prohibitively 
costly. Many small to medium research vessels use a sep- 
arate 1 000-horsepower diesel engine for propulsion and for 
onboard electric power generation. Larger vessels use pro- 
portionally more horsepower, but with larger engines 


Nations Water Picture 

The nation's water picture improved somewhat in the 
north central and northeastern United States during May. 
but below normal water resources conditions persist in the 
Southeast and parts ol the Midwest, according to tho U S. 
Geological Survey. 

USGS hydrologists said May slreamllow averaged well 
below normal — within the lowest 25% ol record — at half ol 
Ihe 162 key index stations reporting Irom across the coun- 
try. These extreme low flows were reported in all or parts ol 
33 slates and were concentrated in a wide band from Vir- 
ginia west through Tennessee and south to Florida and 
Mississippi. 

The persistent dry trend was also evident in ihe ronv 
blned flow ol the nation s ‘Big Five' rivers— Mississippi. Co- 
lumbia, St. Lawrence, Ohio, and Missouri— which averaged 
981 billion gallons a day (bgd) during May. 12% below nor- 
mal. Although combined Now of the Big Five now has aver- 
aged below normal for six straight months, flow has begun 
to show some improvement over past months. The Big Five 
rivers account for almost hall of the stream runoff in the 
conterminous United States and provide a quick, useful 
check on the nation's water resources. 

Highlights of May Water Conditions 

Northeast. Slreamllow conditions generally Improved 
throughout Ihe Northeast, with New Jersey and Maryland 


comes Improved efficiency, a possible key to solving the 
fuel problem lor the 1980's. The engines themselves will 
probably not improve In efficiency (20% improvement by 
the 1990's is optimistic), but it is possible thal the larger 
vessels with larger engines will be used more than smaller 
vessels. The fact lhat more stations at sea. more instru- 
ments, and more project per cruise in large vessels will of- 
fer the only practical answer. Oceanographic research bud- 
gets are not expected to rise sufficiently to absorb the new 
costs . — PMB 
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reporting strong improvement and flows that were above 
normal at several gaging stations. Some tm prove men! was 
also noled in the Delaware River Basin. 

Southeast. All but three ot the 32 index stations report- 
ing from Virginia to Florida were in tho lowest 25% ol rec- 
ord during May. That is. 75% ol Ihe time Hows have ex- 
ceeded those reported during May New monthly record 
low Hows were established in Virginia. North Carolina and 
Georgia. Groundwater levels in most stales are below nor- 
mal lor this lime of year and, in some areas, are reaching 
record low levels. Streamflow in North Carolina has been 
below normal lor six straight mopths. 

Great Lakes Region. Streamflow was generally in the 
normal range throughout the Great Lakes Region, although 
scattered pockets of low How were reported in Minnesota, 
while parts of Ohio, Indiana, and Illinois reported above 
normal flows. 

Midwest. Slreamllow in much of the Midwest remains 
below normal, stretching from North Dakota south to Texas 
and Into the Rocky Mountain stales of Colorado, Wyoming, 
and Utah. 

Far West. During May, 1 1 of the 24 gaging stations re- 
porting Irom Washington. Oregon, Idaho, Nevada, Califor- 
nia. and Arizona reported below normal flows, l.e.. within 
the lowest 25% of record. Slreamllow throughout California 
was below normal for the month, In response to a season 
of below normal precipitation. % 
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Postdoctoral Fellows: A Diminishing Supply 


Highlighting the modern concept of what used to be posi- 
* T us are descr| p ,ive terns such as the ‘perennial 
i P h d °f . J 1B research scientists with now Ph D. degrees 
‘" band ,ha ' we ' e awarded postdoctoral fellowships have 
been likened to pianos . stacked in a holding pattern' 

Acad Nows Rop - 31 ‘ P- 3 - 1981). In the 
Lnil? Physics, chemistry, and biology a situation of *ex- 
^Mnenl.' for Postdocs still exists because of a 
lack of full-timo positions at the Ph.D. level. 

Tno situation in the earth sciences contrasts sharply. Re- 
®J, tl r ! n 9 Pallets by petroleum and mining companies 
and by the federal government have followed a quickened 
pace. Geoscientlsts at (he bachelors' and masters’ levels 

H!i?h 9 Di n r5 d ‘ rec,ljr irUo ,rTd ostry. Graduales In earth science 
?, b de 9 r0 es are accepting research positions In In- 
dus rial and government laboratories and thus are bypass- 
ing the postdoctoral experience. As a consequence. Ihe 
number of graduate students and postdocs In earth sci- 
ence academic departments has fallen sharply over the 
past year. 

A desirable balance between job offers and available 
personnel seems to have been lacking. When the total 
number of postdocs expanded in Ihe 1870's, cutbacks In 
J™ P^'ced uncertainties In Ihe job mar- 
ket so lhat postdoctoral appointments, normally 1-2 years 
wore extended for an additional year or two Postdocs 
r0n I a . bora , lor Y to toboratory, resulting In a good 

biMmni« 86 in0S ran90d rrom disappointment to 

5 5 ? ( , as postdocs saw the number of permanent job 
opportunities decrease. 1 

a . 55* ■“ P r °blQin is reversed. The award of a postdoctor- 
al fellowship used to bo considered prestigious, nn unusual 
to ,P nln °*P° rinnco «nd to do some serious ro- 
, ,lc ' ■» husplcos of a famous mentor. Aside from 
ho instances vvhoro postdocs hnvo been used as cheap 
labor fur established Invostlga tors’ who wore iryinq to meal 

eXflen?«^ a r l || d0fiCf, i ln0S ’ ,he pos,doclornl fellowship 
I s s,l!l considered valuable and essential. The 
memonos of recent bitterness coupled with attractive offers 
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pret the results from seismic programs ol local, national 
or international scope. Programs are directed towards the 
investigation of the urucrure and origin of continental 
margins off Eastern Canada and the Arctic. This seis- 
mologitiw.il be required to contribute original and 
creative research work. 


Qualifications 

Graduation with a Doctorate degree or a lesser degree 

a Doctorate degree from a recognized university | n one 
of the earth sciences (or a related Held with considerable 
earth sc.ence experience] w.th previous leismological 
exfierience preferably in manna seismology and a demon- 
strated capacily for original geophysical research, its 
organization and coordination. 

Knowledge of ihe English Language is estonual 
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in petroleum and resources have prompted many Ph.D. 
holders to bypass the postdoc. 

If past employment cycles persist, It may not be long be- 
fore (he job market tightens again, producing another In- 
crease in postdocs. It Is noted, however, that even 'the 
postdocs caught In the holding pattern are filling vital roles 
In research.' (Postdoctoral Appointments and Disappoint- 
ments. 429 pp., National Academy Press. Washington, 
D.C., 1981.) All things considered, the postdoctoral experi- 
ence Is highly beneficial to the Ph.D. holder who Is headed 
for a career in research or In teaching at a research-orient- 
ed university. The contributions to science of the postdoc 
are considered valuable enough that the National Academy 
of Sciences' Commission on Human Resources now rec- 
ommends that postdoctoral stipends be raised to be com- 
parable to the average starting salary of an assistant pro- 
fessor. (The average stipend now Is 40% less.)— P/WS ffi 


Political Action Committee for Scientists 


Spurred by budget proposals that could severely reduce 
science funding (Eos, March 24, March 3, February 10), 
seven scientists currently serving as Congressional Sci- 
ence or State Department Fellows recently founded a politi- 
cal action committee (PAC) for scientists. The Science and 
Technology Political Action Committee (SCITEC-PAC) alms 
to make scientists more politically aware and better In- 
formed about potential legislative actions that affect re- 
search. It wfll also serve to ’establish a political presence’ 
with respect to science, said Donald Stein, SCITEC-PAC's 
chairman. 

The organization Is not a lobbying group, explained 
stem, professor of neurology and psychology at Clark Unl- 
J /0rs , ty ,he University of Massachusetts Medical Cen- 

mLinn Whi S 8 ®h k 10 5 ,,uence offlc,als fa y presenting Infor- 
mnrnni ‘ while a PAC tri0S Influence the 

mnnaw U e,ect ‘ on J through campaign contributions of 
and e[f ° rt In behalf of candidates that share 
h p m ri r I?f ( and aspira,,ons ■ , ,n other words, the PAC will 
SLLT ? ° r promotin 9 candidates for federal office who 
S n9 Q s A upport for scientific research and training 

and burinni « ® PA ° develop and stud y science policy 9 
Inri nri d9 t 1 ,ssu ® sand wll! attempt to stimulate government 
and private sector Interest In these issues yuvemment 

a mBiho?! l T l l relUClanl ,0 lhlnk about Political 
Garin SCiTf^PAp ,ul1hann 8 lheir cauS9 ' noted David 
online SC, TEC-PAC treasurer. Nobody ever thinks of sci- 

hflfin n 3S “ Qrganlzed bod y because they never have 
and M°? 0 h ?, te,n added ' Sci0n lists can no longer sit back 
ho h w “" ,,nuln 9 er °slon of federal support of scl- 
ronnrof sald - Sci0nt,sts must make their needs known to 

a lao 9 ko,eonctrs™ (h S ai r d PaSaiVen8SS mlSlnlBrpre,ed 98 

ih J^hhl C o Wl11 nol i ompe,e wilh scientific societies and 


Langley Medal Awarded 


saarc n v ^ w°C S ^ jf 1 ,he Ames Re ' 

Unguished Langley Medal bv the ?!iiho awarded the dls- 
hfe ’extensive contributions in ihJr™ hs . onian Institution for 
particularly with regard s 

supersonic area rule and. moS^ enl J ^ l» 8p{ wlng ’ 
Jones Is an Internationally acclaS l. - ° bl,qU0 wln 9-' 
les, optics, and blomechank^^i T* ° n aerad ynam- 
emallclan, astronomer Inventor* 2 88 an applled math- 
The Langley award hoI ^L ' au1hor - and v loHn maker, 
since it was established 73 vaar^ 0n l 9,J ust 16 recipients 
elude Wilbur and OrSe Wrio h frhf,' reclpien ‘ 0 in- 
Richard Byrd. Nam^ or Samieme^ V? db8 ? h ’ and 
nautical pioneer and thirds eSrCo!^^ La ? 9 J ey ’ aer °- 
medal honors 'especially merliort^ °i ® m ^sonlan, the 
Held of aerospace sclence^ 5 lnvea,f 9 a « 0 ns In the 
Jones dlsnnvArori .u- . .. 


I J r-vv ewiaiito, w 

wept wings are s^n on ."fSJ" dynamics 


NASAlbeganeTp;^;;;;^ 0 ',^^^ < l9 > 9 ' i° Ke" 

covery of the sweep effec?s?endsr For h,s dls ‘ 

contributions, Jones was given the Qui? heory and other 
Award by ihe Inalltuie ol ihe A,bert Read 

'8«. Thai same year,^ he , Sol9nc99 
March Center. mo 10 work 'or Ames Re- 

Engineering ancM he ^ericOT'Acade 1 ^ 8110 ! 81 Ac9d9m » ol 
ences. He was honored in i^,l B [ ny 0 and Scl- 


an»s. H S was hnnore^n 1976 * a m Ll Arl9 md & 

NAM a Inventions and Contribute,, n “.i 1 0ward 'ram ■ 
Ihe Prandll Ring Award ln ™ 78 |m m SX and reo9lv9d 

! i “® oe,e| y (Deutsche GBSBllachafHur h |°..» 0m IfE, a9ron ab 
lahrt), considered Ihe hlgheaS n ,^ „ U M Raum - 
dynamics. a nonor ln the field of fluid 


Reagan Nantes New Science Advlao, 


J ° n “ «« e S™aa li fln h™ S " ,naullc3 apd As- 

Se"! 981 h9was eiac,9d 10 «» isssjssai-rf 


On May 19th the White House announced the , 
mos Scientific Laboratory (LASL) physicist ni? 
Keyworth had bean chosen for 
sor to President Reagan. Evidently,^ Keyworth 
after several other candidates, mostly IromtaS^ 
been eliminated from the running. The dm! SX* 1 
advisor to President Reagan hal been Snta^ifS? 

Mniica Qtsff momornnitn l , . mrQVQrgffll WK't. 


House staff memoranda released over the DasS'^ 
gave hints of the Administration’s not wanting toShT 4 
vacated by geophysicist Frank Press. The 
structure 1 planned for the new administration^ 
have a logical place for a scientist with access 
dent. After widespread outcries from the scienMo™* 1 * 
nlty, the decision to eliminate the 

candfdr ed ' ,0 "° Wed by B 

thJdedston SThe^pos? was od, tael ISSl 
9 | dspp Science and Techno^ K® 

(OSTP), which Initially was to be transferred out of Hsm 
level position at the White House. The exact relaSnlS 

li° 0 S Z'°J he r, adminlstrail °" s'StSS 1 

S th o Tf’ ^ 11 has b0en stat0d lhat the SL* 
have the President s ear and will be Involved In the £ 

mg process at the Office of Management and Budge! 

Apparently, the Administration wanted an advisor with 
knowledge of the defense establishment. Candidates from 
the corporate world with sufficient stature for the position 

t0 ? la T a u a,ary dlscre Pancy (about afactwoi 
10 difference In salary between Industry and govsrnmsntat 
this level). Keyworth, on the other hand, was supported 
strongly by Edward Teller and Harold Agnew. former** 
tor of Los Alamos, both 'well known for their hawkish 
views. (Science. May 22, 1981, p. 903) 

George Keyworth, B.S. Yale 1963, Ph.D. Duke 1968 
^c. 41 u 8 , CUrrently diractor of the Physics Division at ' 
LJ\bL. He Is not welt known for his research and is not we 1 
known in Washington. He has the reputation, however ot 
being a very capable scientist with a flair for administration 
in part the reason for his relative obscurity within the sci- 
ence community Is related to the nature of his classified 
work at Los Alamos. Although he comes from 'outside of 
the traditional ranks,' Keyworth’s credentials appear tote 
more than adequate for the present requirements of the 
post of science advisor .— PMB S* 


New Publications 


Remote Sensing in Geology 

B. S. Siegal and A. R. Gillespie, John Wiley, New York, 
+ 702 pp., 1980, $42.50. 


Reviewed by Mark Settle 


Geologists have traditionally employed a wide variety 
remote sensing' techniques to obtain Insight into the si 
ture and lithology of crustal materials. Seismic methods 
example, are used to Infer the configuration and physic 
properties of subsurface rock units through the analysis 
acoustic wave measurements performed at or near the 
earth’s surface. In recent years, however, the term rem 
sensing has come to be used In a more restrictive sens 
I® re ' er 1° Ihs measurement of electromagnetic radfaiioi 
that Is reflected or emitted from the earth's surface. In U 
context, geological remote sensing Is a relatively new a 
rapidly evolving field within the earth and planetary scl- 
e ,^ cs0, l{ ,s highly Interdisciplinary In nature, Involving in 
vtduals with backgrounds In various aspects of geology, 
geophysics, geochemistry, mathematics, engineering, ai 
computer science. 


auience. 

ik / S noto Sensing In Geology Is one of a number ol t 
mat describe the basic principles, current methodology 
past accomplishments of geological remote sensing m 
pas. The stated purpose of ihe book Is to provide stw 
in geology with 'a complete Introduction to most of thfl 
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ng oology with 'a complete Introduction to most of thj 
Pacts of remote sensing.* It takes a certain amount ol 
pry to devote one’s time to the preparation of an Intre 
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pry to aevote one’s time to the preparation of an Intrc 
oty text on an emerging, multidisciplinary, scientific f 
out several factors suggest that Siegal and Gillespie ' 
rewarded for their effort. Remote Sensing In Geology 
open released at a time when Interest In remote sens 
methods Is increasing, as evidenced by the Inclusion 
mote sensing courses In college curricula and exparK 
utilization of space-acquired data In geological studist 
tnsrmore, the collection of new and different types of 
oy currently planned sensor systems Is likely to accet 
merest In geological remote sensing In the future, 
tfemofe Sensing In Geology can be subdivided Into 
a ”[ 08 - first half describes how remote sensing J 
urements are made and how the data collected by a 
^ 8u . ram0n f techniques Is reduced and analyzed. V 
pcjtond half of the book describes past applications ol 
rB«H S8 ! 1s, [ 1 9 m0 f hod8 to geologic mapping, mlnaraJj 
u ii 9 . c al and floomorphlc studies, engines rlpg w 

geology, and planetary exploration. The^p 
rl^ , . by a 9 rau P Of highly qualified researchers 

_ cognized expertise in different aspects of geolofl^ 

hl l I 8 !!?! 19, Each chapter within the book was prep 
! idual m ®mber of this group, In his or her aj 
peolallzatlon, This rasiiits in . a enmauihat uneven sir* 
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text In my opinion, the book would need to be supplement- 
ed with more specialized literature and more detailed case 
study examples of successful remote sensing projects to 
be used as an Instructional text. The book lends itself to 
thte type of use. In that each chapter contains an excellent 
bibliography of key references, and all of the Images em- 
ployed as illustrations are carefully documented. 

H Individuals involved in geological remote sensing may 
quibble with the emphasis or style of presentation in certain 
sacUons. I personally felt that thermal infrared and micro- 
wave Imaging techniques should have received greater em- 
phasis In the second half of the book. In addition, It 
seemed to me that several chapters in the second half de- 
voted too much space to describing the geological charac- 
teristics of the earth’s crust at the expense of describing 
how remote sensing techniques can be used to study these 
characteristics. It Is quite conceivable, however, that some- 
one with a background In engineering or computer science 
would have a very different reaction. 

In an overall sense, Remote Sensing In Geology attains 
Its stated goal. The editors and the authors are to be com- 
mended for preparing a comprehensive summarization of 
the current state-of-the-art within a rapidly maturing, Inter- 
disciplinary field. Remote Sensing in Geology is potentially 
useful for students, Instructors, and researchers, and Its au- 
dience is likely to grow throughout the 1980's. 

Mark Settle Is with the Office of Space and Terrestrial 
Applications, NASA Headquarters. Washington, D.C. 


The Science and Wonders of the 
Atmosphere 

S. D. Gedzelman, John Wiley, New York, xlv + 535 pp., 
1980, $19.95. 

Reviewed by Raymond C. Staley 

Stanley Gedzelman and his associates at John Wiley 
have given us an attractive and scientifically satisfying in- 
troductory college survey text. The book Is planned for stu- 
dents with no science or mathematics beyond that ordlnari- 


NEW BOOKS IN 
HYDROLOGY AND 
HYDROGEOLOGY 


SUBTERRANEAN HYDROLOGY, by C. Kovacz 
and Associates. Hardbound. 388 pages. $49.00 

applied modeling of hydrologic 

TIME SERIES, by J.D. Sales, J.W. Delleur, V. 
Yevjevich and W.L. Lane. Hardbound. 498 
pages. $32.00. 

BED-LOAD TRANSPORT, Theory and Prac- 
tice, by K. Stelczer. Softbound. 293 pages. 
$ 22 . 00 . 

MATHEMATICAL MODELING OF HYDROLOGIC 
SERIES, by G.G. Svanidze. Hardbound. 324 pages. 
$28.00. 

KARST HYDROGEOLOGY, by P.T. Milanovic. 

Hardbound. 444 pages. $29.00. 

For detailed information on book content ask for 
o special leaflet, or for the catalog no. 2 (1980-81) for 
75 books available. To obtain information and to 
place an order for books please write to: WATER 
RESOURCES PUBLICATIONS, Distribution Divi- 
sion, P.O. Box 2841, Littleton, Colorado. 80161. USA, 
Tel: (303) 779-6685. 


y required in junior high or middle school. Indeed, most of 
Ine text can be studied and understood satisfactorily by any 
ninth grade student who enjoys reading and who has some 
aptitude for science and mathematics. Every physical law 
introduced is explained, otten with an accompanying his- 
torical background, and a worked-out numerical application 
Is given. The book contains 48 numerical examples, along 
with about 75 similar problems to be solved by the reader. 
(These 75 problems are part of nearly 500 end-ol-chapter 
questions spaced throughout the text. Hints to answers are 
given in a section at the back of the book.) Some college 
students using this text have complained lhat it is, at limes, 
condescending, especially in these examples. Gedzelman 
has reason for introducing and emphasizing these exam- 
ples and problems. He wants to overcome the fear so 
many students have of word problems and equations: '. . . 1 
have found that despite the tearing of hair and gnashing of 
teeth among my nonscience students the first time they see 
me put an equation on the blackboard each semester, they 
Inevitably perform (well) . . . and a few even revel In their 
new-found mathematical talent.’ One ot Gedzelman’s first 
numerical examples shows how Eratosthenes estimated 
the earth’s circumference, using the summer solstice posi- 
tion of the sun at Aswan and Alexandria In Ihe noon sky. 
Gedzelman gives the historical picture and problem in three 
brief paragraphs; he then states the problem In sentence 
form, next In equation form, and finally gives a numerical 
solution in metric units. Most examples include a careful 
word statement, a statement in algebraic equation form, 
and a numerical solution. (In my opinion some examples 
could be Improved by using only SI units and by more em- 
phasis on dimensions and units. In examples 5.1 and 5.5 
the millibar Is mixed with Si units and unexplained dimen- 
sional conversion factors to give answers In SI units.) 

Gedzelman strives to catch and hold the reader's interest 
with three introductory chapters on the wonders of Ihe at- 
mosphere such as optical phenomena and extreme and di- 
sastrous weather events. In his Introduction he also uses 
the reader’s assumed familiarity with TV weather broad- 
casts to initiate and support the study of surface weather 
charts. 

The five chapters which follow contain very brief but 
probably adequate glances at the solar system and the 
atomic and molecular nature ol the earth's entire atmo- 
sphere and introduce the concepts of pressure, energy, 
temperature and heat transfer. Chapters 8-14 move Ihe 
reader rapidly through the heal budget of the earth, the hy- 
drologic cycle and hydrometeors, including sections on 
thermodynamic diagrams, atmospheric stability and cloud 
physics, as well as descriptive sections on air pollution and 
agricultural meteorology. Chapters 15 and 16 explain how 
the earth's wind systems are driven and present climatolog- 
ical pictures of the wind distribution. Chapters 17 and 18 
bring us back to the surface weather chart and introduce 
the 500 mbar chart. Chapters 19 and 20 look at local winds 
and storms, and Chapter 21 takes a brief glance at pres- 
ent-day forecasting methods. The remaining four chapters 
give a picture of the world's climates now and in the past, 
concluding with a brief look at the way weather and climate 
have affected land (onus, human health and history, and 
(not least of all) the arts: literature, drama, and painting. 

The text Is obviously too long for the usual one semester 
or one quarter course. Gedzelman regards many sections 
as alternate and optional material. The instructor building a 
course on this textbook must select from it very carefully to 
construct the sort of one-term course desired. The book will 
serve best the instructor who has strong training in meteo- 
rology. (Contrary to Gedzelman's remark on p. 8, the text 
will not produce a reader who Is *. . . almost a professional 
meteorologist by the end of the book.’) 

The text is attractive with large, clear neatly printed dou- 
ble column pages. Useful tables and well-drawn figures 
abound. The publisher has used two colors in printing the 
text material, black and maroon. This is fine for most peo- 
ple but a total loss for the color-blind reader. It would have 
helped In many figures If red lines had been dashed and if 
red shading could have been stippled. In the numbered bib- 
liography, advanced textbooks and sources are numbered 
In red My color-blind colleague tells me he cannot distin- 
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guish the red from the black numbers (asterisks would 
have done the job). 

1 have not taught using this text, but I have discussed it 
wilh lecturers and leaching assistants who have used it. 
Lecturers are enthusiastic, while teacher assistants have 
mixed feelings, mainly because of what they see as the 
aforementioned condescending attitude of the author. I do 
not object to this, bul I am annoyed in a few places bv what 
I call ’cutesie' illustrations (especially the misleading Figure 
1 .5 which shows cartoon pedestrians feeling the earth s 
Coriolis force). Another fault (common to most such texts) 
is the omission of Alaska. Hawaii. Canada. Puerto Rico, 
and adjacent oceans from most weather charts and most 
synoptic discussion. 

The (ext contains an excellent 12-page glossary of over 
600 items. The 1 1 -page index is detailed and very helpful. 

An instructor using this text will probably want to add 
more numerical problems for homework drill. The text prob- 
lems and questions should be read and checked before as- 
signment. Gedzelman sometimes plays games with the 
problems (for example, problem 10.10 intentionally asks an 
impossible question). The instructor should be aware of this 
before writing a note to the author or publisher. 

If you are a meteorologist teaching a course where this 
might be the text, I urge you to request an examination 
copy from the publisher and give it serious consideration. I 
think you would enjoy using it. 

Raymond C. Staley fs Visiting Scholar, Department of At- 
mospheric Sciences. University of Washington, Seattle, 
Washington. 
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Research Foal If on/Space Plaama Phya- 
les, AppHcaUona are invited lor two possible re- 
search positions in the Department ol 9paca Phys- 
ics and Astronomy. Rice University. 

One position InvolveB work on a computer code 
tor simulating the large-scale dynamics ol the 
earth's Ionosphere and magnetosphere. Including 
computer simulation ot specific events and compar- 
ison with ground and satellite data Preference wHI 
be given lo applicants having experience with 
space or laboratory plasma physics, and with largo 

compulations. , 

The second possible position Involves analysis ol 
data from Atmospheric Explorer and Dynamics Ex- 
ptorer spacecraft Preference wW be given to appli- 
cants having experience with apace plasmas and 
with reduction ol apacecraU data. 

Tills and salary tor either position wHi be ar- 
ranged, depending on experience. Please send 
resume and bibliography lo R. A Wolf or P. H. 

Rcllf, Department ol Space Physics and Astrono- 
my, Rice University, Houston, TX 77001 . 

Rice University Is an equal opportunlly/allliniative 
action employer. 

Meteorologlet/Hemota Sensing. Immediate 
opening for candidate wHh a PhD In Meleorotogy 
With post graduate research experience and Inter, 
sst In Remote Sensing. , . _ 

Send resumes to: Metes Houston. Technical Re- 
cruiter. Systems and Applied Sciences Corporation, 
081 1 Kenilworth Avenue. Rteerdale, Maryland 
20B40. 


Research Assistant. A position is Immediately 
available lor a person In the International Ground 
Wator Modeling Center of the Holcomb Research 
Institute. Butler University. Indianapolis, Indiana. 
Succaselui applicant will have a hydro log leal back- 
ground, preferably In ground water, and should 
have a Master of Science degree. The person musl 
be acquainted with modeling principles, have a 
working knowledge or FORTRAN IV, experience In 
computer use. and should be able to communicate 
and work wilh a variety ol individuals and Institu- 
tions. both horn the United States and abroad. 

Primary duties ol the position are to assist the 
Principal investigator in updating trio data base ol 
the Model Annotation Rotrieval System (MARS), 
and In screening and testing acquired models. In- 
cumbent wtil also be responsible (or entering end 
retrieving model annotations In, or irom, the MARS 
data base. This person wtli Insure iho technical 
content ol Ihe ground water modeling newsleHar 
and write technical reports In cooperation with Other 
protect members. Other technical and organization- 
al duties will be assigned by the Principal Investiga- 
tor. 

Persona Interested In applying lor ike position 
should sand resumes by July 7, 16BI lo: 

Darrati R. Flshal 
Business Manager 
Hotoomb Research Institute 
Butler University. 

Indianapolis, Indiana 46208 

Butler Unhrerslty Is an equal employment oppor- 
tunity employer. 
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flatcar oh Associate. Posiiion available JuV i 
lor no* Ph D SCIQ/Ilisl in cliinniijiogy-giaciolufl/ 
Woift involves reaearch m ico-ctunaio synoptic in- 
teractions based on analysis oJ garaiMu imagery 
nnd digital data (Nimbus and OMSP systems) of c'i- 
raatoioflical and cryosphorlc paiamoie/s us'iiu mul- 
(■vanato Gfdiisiical techniquua. Rasearcn 13 per. 
formed in a cooporauiro univorniiy-govommeni lab- 
watoiy employing scientists ongngod In 
Mnrdisclplin.ny work rotated (0 thb onvJronrnoni 
Position requires o*poriorice in anBlyai3 and disiilsy 
ol remote sensing data and in dale processing, 
domonsiraiod ability to wnlo ccionlilrc reports, 
background ot glaciotogical-mefaorciogicaf bald re- 
search in polar aieas; experience in intgrpretaiion 
ot snow cover, sea ico. and ctoud condniona from 
visible. IR, or>d ESMR microwave imagery end digi- 
lai data; experience with multivariate statistical 
analysis techniques, ospoootiy as applied to mete- 
ororatfeai or related data; experience in FORTRAN 
programming in a CDC Kronoa or NOS operating 
e nvironme nt; and research experience in synoptic 
dimaiotogy and fco-cflmaw interactions. 1 
Salary approximately $17,000 per yoar. Appli- 
cants stioutd contact the Colorado Job Service, 

1701 33rd Street, DouWor, Colorado 80303, leie- 

E^HS*. 4Ma00L and re,ar 10 l° b num- 
Mr 2217769, for reforrol to tho employer, which is 

an equal opportunity affirmative action employer 


Temporary Staff Positions In Isotope and 
Traoe Element Geochemistry, The re- 
search program of the new Geochemistry Division 
at the Max-Pfancfi-fnslitule for Chemistry in Mams 
is onented toward the geochemical structure and 
development ol tho earth's manllo. Our facilities in- 
clude a new Vartan MAT 26 1 automated solid 
source maw Spectrometer (in addition to older In- 
struments) for isoiopK: analysis ol Nd. Si, and Pd. 

Available at the Institute are also: election miero- 
ptobe. ion microprobe, INAA. XRF, spark source 
MS, and piston-cylinder apparatus. Applications are 
invited tor geochemists with experience in isotope 
geology end peirofogisis wiih experimental expon- 
ent in Iraco element partitioning. Appointments 
ore normally made tor two yoars. but a one yoar 
extension is possible. 

Application! should be sent to A W. Hofmann. 
Oirektor Abtetang Geochemie, Max- Planck- Institute 
luar Chamie. Postfach 3060. 6500 Matez. F.R Ger- 
many. 
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Physical Oceanographer/ 
Geophysical Fluid Dynamlciet 


AreW Associates, a growing research 
firm, located in Southern California, en- 
gaged in theoretical and empirical physi- 
cal oceanography. Is offering permanent, 
hill-lime positions. Candidates require 
Pn D. (or equivalent experience) in phyei- 
caJ oceanography or geophysical fluid 
dynamics. Salaries are competitive and 
negotiable, based on qualifications. Arete 
offers a fringe bertefi 1 package of auperior 
quality. Qualified candidates should send 
resume, salary history, and list of profes- 
sional references to: 


Personnel Administrator 
Arete Associates 
P-O. Box 350 
Enclno, CA 91316 


An equal opportunity employer M. F. 


Research Coordinator 

PHYSICAL 

OCEANOGRAPHY 

Skidaway ImiHute 
Savannah, GA. 

Skidaway Institute or Oceanography is 
seeking person with an oceanographic 
meteorological or engineering back- 
ground to join a research team mvosltgat- 
|f»fl physical oceanographic processes on 
the continental shelf. This person must 
operate end mainiafn a remote oceano- 
graphic data acquisition system and must 
hnvo experience with digital equipment 
and the processing of dala originating 
from such equipment. He or she will be 
responsible for checking and calibrating 
sensors on a scheduled basis, lor dam 
editing and for dala analysis 

Applicant should have an M.S degree in 
a related field or have Ihe equivalent in 
training and experience. Knowledge of 
time series analysts procedures and lech- 
nlqueB. computer programming, and tech- 
nical report writing ara necessary skills. 
Independent research and publication of 
results win be encouraged. 

Starting Salary: Si 6.600-520.000 depend- 
ing Upon previous experience and quaHfi- 
calfons. Sand i4sum6 including three ref- 
erences to: Or. Jack Blanton. Skidaway 
fnslliute of Oceanography, P.O. Box 
13687, Savannah, GA 31*106. Phone 
(912) 356-2457/2453. 

8KfO Is aii affbmattva actlon'oqual 
opportunity tmployar. 


SedimanlolooJit or Sadlmontary Palrolo- 
glst/Unl vanity of California, Santa Bar- 
bara. (CorrecHonf Applications ara Invited lor a 
tenure track appolnlmenl in soil rock geology (0 be 
filled in iest-82. Rank dapandenl on qualifications 
and experience bur preference will be given to tee 
assistant professor level. Applicant should normally 
have a Ph D. and slrong field-orientation end quan- 
titative background The candidate will be expected 
to develop a strong research program In sedlmen- 
raiion. The candidate will also be expected to (each 
al both undergraduate and graduate levels end In- 
teract will* students and fecuHy ol the departmenl. 
particularty in (he general areas of dlagenesis, vol- 
canic processes, pataomagnattcs, as well as field 
geology. Additional duties may Include teaching 
physical geology and summer Held geology. 

Ptease send resume, other documentation ol 
BbHilios. and four letters of recommendation by 
September 30. 1981 to Dr. Arthur G. Sylvester. 
Chairman. Department ol Geological Sciences, Uni- 
versity al California, Santa Barbara, CA 93106 
Telephone (805) 961-3156. 

Tire University of California Is an affirmative ac- 
Uon/equBl opportunity employer. * 


Geophysical Oceanography Postdoctoral 
Raaaarah Aasoolata. The Department of 
Oceanography. University of Washington, Is soak- 
ing qualified candidates for a Post-doctoral Re- 
search Associate position, available January 1982, 
to cany out research on Interpretation of marine re 
traction dale. A strong background in elastic wavs 
propagation. Inverse theory (Including linear pro- 
gramming). and modern refraction data processing 
will be most helpful, as will an acquaintance with 
petrotogic theories ol oceanic lithospheric composl- 
bon. Appointments are lor one year, possibly ex- 
tended lor a second year. Send curriculum vitae 
and a list ol four references to: Chairperson, Facul- 
ty Recruliment Committee. Department of Ocean- 
Un| Wf 3 «y of Washington, Seattle. 

The University ol Washington la an equal oppor- 
tunity, affirmative action employer. 


Solan tlat. Immediate opening far Scientist with 
experience In Udar Analysis Techniques and Op- 
JJJ Fa | nll,fl "‘y wilh Laser and Opbca InalrummtB- 
E.£^ Candltfata must possess a PhD In At- 
mospheric Science/Opbes/Phyates 

Send resumes to: Melba Houston. Technical Re- 
cniHer S yatams end Applied Sciences Corporation. 
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An equal opportunity employor. 


Postdoctoral Position In Qeoohemlatrw 
CmMomlalrih U " rv * p » l| y °f Artec- y 
Applications are Invlled tor a postdoctoral re- 
f® a [ 1 C r h , a93 “ la ' S9hl P ln Lunar end Planetary 
t S Y n ^ Unlvflr3it y o( Arizona. The aseo- 
cteto w!ll colaborate with Dr. William V. Boynton in 
ongoing investigations or the refractory inclusions In 
m boneceous chondrites The eelacted app“ 
win have major responsibilities to conduct mlneral- 
,0 8u PP ,0man « Brisling neutron 
Sm i^ShT 113 Expenance with an 

ereoron iWooprobe is essential: experience with 
neutron aettvatton Is desirable. Facilities Include a 
SEM ' mlc roprobQ. numerous gam- 
Ind “ tf,n 9 a Complon-suppraesion 
spwtremeter. several computers and a TRIGA re- 

ApfAcatione, accompanied by a resume state- 
mem ol research Interests, and complete Whiinnw 

Labarntor y- University ofAri- 
*o«re. Tucson, Arizona 85721 LeHara nl iL. 
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must hold a doctoral degree and will be exuaeind 
equipped and enjoys good su mo rt i^ , 

D»- Robert F. Roy 
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El Paso. Texas 79968. 
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Research Selsmologlst/Selld Earth fleophy- 
slea. ENSCO, Inc. In Springfield, Virginia Is seek- 
ing a Program Manager/Research Seismologist to 
support an expanding program In solid earth geo- 
physics. Research areas will Indude: seismic net- 
work dala processing associated with the detection, 
identification and location of natural and man-made 
seismic sources: earthquake characterization and 
source mechanism studies: explosion source char- 
acterization; and empirical studies using near field 
and far field seismic data. Experience In theoretical 
and observational seismology at regional and (ete- 
sslsmlc distances, la highly desirable. Experience 
In digital Uma series analysis is desirable. Ph.D. In 
seismology Is highly desirable, however, M.S. level 
wiih experience in earthquake and explosion seis- 
mology will be considered. Salary and benefits are 
extremely competitive. Resumes along with salary 
requirements should be submitted (0 the Personnel 
Department at the address below, Attention Code 
SAS, ENSCO, Inc., 6408-A Port Royal Road, 
Springfield, VA 22151. 

Equal employment opportunity/AAP 


Marine •olenoaa Instltute/Research As- 
sistant If- Salary $12,500 p.a. To conduct anal- 
yses of (race elements In seawatar and olhar matri- 
ces by ultra-dean techniques: assist In the devel- 
opment of new analytic techniques; partldpaie In 
oceanographic field work; seals! in preparation of 
technical reports; coordinate laboratory and field 
programs. M.S. degree In appropriate area of ana- 
lyucal chemistry, geology or oceanography, or B.S. 
with 2 years experience. Experience with atomic 
absorpilon/emlsaton spectrophotometry, gas chro- 
matography, ultra-dean solvent extraction far trace 
mBteis, simple computer programming; experience 
woridng at eea. Reply to D. Waslenchuk at the Unl- 
waHy of Connecticut, Marine Sciences Institute. 
Grolon, CT 06340. 

Equal opportunity employer Wv. 


OaophyslolsUTeotonophyilelat. The De- 

R and Qeoph * 8ic8 81 ‘ha Unlvar- 

J has a tenure track opening at the 

A&socleie Professor level for a geophyafclst/tecton 

SdS?‘ in vdod * mea 8urementa 

and mher physical properties ol rocks is essential 
Interest in crustal structure and plate 
tertwtes te desirable. Applicant should be able to 

.£ pra ^“ to “ ■*»»■ 

y*® ta Bccapted through July 15, 

na™ s ^m te ® hou,d Mnd a vt ta. Including 
names of three relerances, to: v 

Prelessor R. s. Houston 
Department ol Geology/Geophysics 
University of Wyoming 
Laramie, Wyoming 82071 

•Sssss:. 



RECRUIT 

ANNOUNCE 

ADVERTISE 


Rawult talented personnel ln the geo- 
physical sciences. 


Announce special meetings, workshops, 
snort courses, and calls for papers. 


Advertise services, supplies, and Instru- 
ments. 


A dassJlled ad In EOS, the weekly news- 
paper for the geophysicist, will get re- 
suits. 


? es - 8a sy-«°-meet copy 
SS5?' a [J? a broad readerahlp make 
EOS the medium tor the message. 

Place your ad today. 

Call toll free: 
800-424-2488 




Aprons are Invlled for 

ggg*»?BaaBi 

mm 


Scrippe Institution 
of Oceanography 

SSSkSs 

^ssassr^. 
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Faculty Position 
Space Physics 
& Astronomy 


The Department of Space Physics and 
Astronomy of. Rice University exoerk 
to fill a regular faculty position begin- 
ning August 1982. Academic rank and 
tenure status will be determined on 
the basis of experience. 


Preference will be given to experimen- 
talists who are Principal Investigator 
for experiments on present or planned 
spacecraft missions. However, consid- 
eration will be given to other qualified 
candidates In the general areas of 
space physics, astrophysics, and atmo- 
spheric science. 


Applicants should send resumes and 
bibliographies to 


Professor A. J. Dessler 
Chairman 

Department of Space Physics 
and Astronomy 
Rice University, Houston, 

TX 77001. 


V 


Rice Unlwrslty Is an equal epportu- 
nlty/afflmatiue action employer. No 
candidate is presently under consid- 
eration In advance of this notice. 


SERVICES 


*«'PP» Mwnot# Sensing Tutorials. 

1 A. Overview of the Remote Sensing Facility— 
771,8 on e-day seminar describes Ihe dala bases, 
sources and processing capabilities available at 
acripps Institution of Oceanography, Remote Sens- 
ing Facility. A morning lecture will Introduce past, 
current and future space platforms available for ob- 
aervellon of the Oceana. A brief discussion of 
where and how to access this Information will con- 
clude the first part of the oless. 

The afternoon will Include a demonslrefion of 
processing and displaying Imagery obtained Irom 
TIROS-N, NOAA-6 and NIMBUS-7. 

CfaBSBB Will be held at the Helen Refit Room SIO 
Library on Monday. April 20. 1981 and Monday, 

1981 ■ Bl 0:30 am - A nonrefundabte tee of 
*60.00 must be submitted with the application. En- 
rollment limit— 12. 

2A. Users Introduction to the Scrfppa Remote 
Facility— This four-day workshop Is tnlend- 
„ ,y ,Qr Individuals who will be using Ihe 
tecllHy at Scripps. Two morning lectures wfN de- 
scflbe in detail the hardware, software and person- 
ne resources available to oceanographers. Existing 
-!!? °“ 88, Ulfllr characteristics, location, mode 
ana cost ol access will be covered. Basics of Image 
PTO^sajng wlH be Introduced along with In-deplh 
ww al the Interactive Dfgttal Image Manipulation : 
System used at the SRSF. 

The two lectures will be lofiowed by afternoon tab 
which consist of hands-on exerefees (0 fa- 
"r ar *? ussra with the haidware/software at the fa- 
cility. The third morning will be devoted to train us- 
ers In realtime spacecraft tracking and dala record- 
ing and acquisition. 

The remainder of the 3rd day and the entire 4th 
cay will be used to work with users on a one-to-ona 
ca«s. Attendees are encouraged to bring Ihelr own ■ 
digital tapes with data of Interest to them,, which 
^nbe used during this Iasi portion of the work- 

Claeses wlH be held In the HBlen Raitt Room SIO - 
tJbrary starting on Tuesday, April 21, 1081 and ' •• 

J uly 27, 1981 at 930 am. A fee of ; . •* 
W36.00 must be submitted with each applktallon. - - 

. Enrottment NmIt-6, •• 

For more Information regarding appHaaflonfi, ■' I,’.- 
ete, please contact. University of California at < 
San Dtego, SR8F/SIO, Mall Code A-030. U Jolla.: 
CalHomfe 02093 or (714) 462-2292. 



Hydrogaoohemiet. Hydrogeochemlst lor Wa- 
, f , ® 80Urce8 Center to conduct research studies 
nc uding (hose related to geochemlcar and hydro- 
toglc analysis of Great Basin ground and surface 
water systems, and sailing and hydrothermal geo- 
chemical problems. Duties Include use ol geochem- 
ical and hydrodynamic computer models and their 
adaptations to meet project needs; and deBtgn and 
management of field geochemical research pro- 
jects. Requires MS or BS with five years experi- 
ence In geochemistry, hydrology, or geology: axpe- 
rience In interactive computing with aqueous geo- 
chemical models: experience In design and 
mplemenlaflon of Field geochemical research pro- 
jects Including various field measurements and 
Bample collection; knowledge of physical flow 
dynamics as applied to solute transport; demon- 
strated ability to work with others on a variety of re- 
search problems; knowledge of various laboratory 
procedures used In aqueous and mineral analysis. 
The successful candidate will be offered a six- 
month contract baaed on an annual salary of 
$1 8,GOO-$2l ,000. depending upon qualifications 
end experience. Send resume and letter of applica- 
tion, postmarked by July 15. 1981 to Personnel De- 
partment, Desert Research Institute, University ol 
Nevada System, P.O. Box 60220, Reno, Nevada 
89506. 

An affirmative action/equal 'opportunity employer. 


ANNOUNCEMENTS 


28th Annual Report an Rfsaorofr^inder 1 
The Petroleum Research , 




edii 


!ta 


law 




for advanced !(jalw»w> 

cental. research in ihe 'pelrqv - 
(reliable grpfis upon -request 
ferqh Fbf^.AmahGah^l"^ 0 * 1 
Brttfi street, N.W. t Washington.',', 

-'tw. : :u . ■■ ■ I'; ■■ 
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Meetings 


Call for Papers 

Ocean Science * 3 AGU/ASLO Joint Meeting 

A loinl meeting of the American SC/ix 

Geophysical Union's Oceanography 
Section and the American Society ftjr 
ol Limnology and Oceanography / O Vp\ 

iteMd Februaiv 16-10, 1982, Joint Meeting S.l 

hSan Antonio, Texas. The El l ZXSSS I 
Traplcano Hotel is headquarters for V AJLAjtJUL 
the meeting, with additional housing XXJQQQQ 
available at the St. Anthony and the ^QQQQk 
G unter hotels. 


Abstracts must be received at the AGU office 
by 5 P-M. on November 10 to be on time. 

Late abstracts (1) may be summarily rejected 
by program chairman, (2) may not be pub- 
lished in advance of the meeting, and (3) if 
accepted, will be charged a $25 late fee in ad- 
dition to the regular publication charge. 

General Regulations 

Abstracts may be rejected without consideration of their 
anient If they are not received by the deadline or are not 
tithe proper format. 

There is a publication charge of $40 ($30 if prepaid) for 
each abstract. The publication charge is $20 if the first au- 
ihor is a student. Both invited and contributed papers are 
subject to the publication charge. Prepayment of the publi- 
cation charge can save you money. Send a check for $30 
with your abstract ($15 for students). 

The abstract must be received at AGU by November 10 
la avoid an additional $25 charge. 

Authors will be notified by mall in early January of the 
status of thalr papers. 

Abstracts 

Use standard AGU format and send original and two 
copies of abstracts to AGU Ocean Sciences Meeting, 2000 
Florida Avenue, N.W., Washington, D.C. 20009. Abstracts 
will be published in Eos, January 19, 1982. Copies will be 
sanl to all ASLO members. 

The abstract page Is divided into two parts; the abstract 
£si/and the submittal Information. Follow the Instructions 
w both carefully. Abstracts that exceed the noted size will 
« trimmed to conform to the proper dimensions. 

Submission of an abstract for an AGU meeting Is pre- 
sumed to carry with it permission for AGU to reproduce the 
absiract In all editions of Eos and In the programs and re- 
ports relating to the meeting; It Is also presumed to permit 
w free copying of those papers. Although Eos Is a copy- 
jpied journal, authors are not requested to transfer copy- 
« “Pydght, where It exists, wilt be reserved by the au- 


^ogram Committee 

Convenors: Worth D. Nowlin, Jr., Department of Ocean- 
Sj Taxa8 A&M University, College Station, TX 

(713) 845-2947; Richard W. Eppley, Institute of Ma- 
Resources, A-018, S.I.O., University of California at 
^ Diego, La Jolla, CA 92093; (714) 452-2338 (office), 

4> 452-3194 (secretary). 


AGU Midwest Meeting 

September 17-18 
Minneapolis, Minnesota 


Abstract Deadine: July 
Convenor: V. Rama Mu 


Papers and posters originating In 
J-JOta. afe solicited for theMj^ 

Atenf/e structure and 
Davies or Clem Chase.^^MP 
Rock water Interactl ffllmH vdrothe 
p mQf allogeneslB.^&m$ Wlllla 
cwMkMlution ol t 
ten co n tt nen i' CdSfOpaul Welbli 


^5®mlngto 
IjMeclal ses- 

fontact Geoffrey 


Geo/nag 


^Hydrothermal processes 
J® William Seyfried. 
wtutlon of tho North Amerj - 
Paul Welblen, 

leomagnetlsm. . Contact Su- 




ss mld-contlnental U.S. Contact 
or E. C. Alexander, Jr. . 


Absfrac 


l3 l Ert ( ,? tan 5 Brd format (see page:?? of January 
strerkT! ar l d S9nd original arid two copies of abr 
n U p S A P U Midwest Meeting,' 200,0 Florida Ave- 
pilbh^' WjaNhgtoh. D.C. 20P09- Abstracts wlllbe 
with a sub 


Sample Abstract 


TECHNIQUE FOR THE PREPARATION OF ABSTRACTS 

F. R. S. T, Author (School of Oceanography 
Hydro University, Watertown, Mass. 02172) 
S. C. N. D. Author (USGS, Woods Hole, 

Maas. 02543) 


Follow this example in typing the abstract. 
The printing plates will be prepared by 
photographing the abstracts exactly as 
they are received, except that abstracts 
exceeding the maximum length (20 cm) or 
width (10.4 cm) will be cut to conform. 

Use a good typewriter with a ribbon ln 
good condition. A carbon ribbon gives the 
best results. Please use type of about this 
size. There will be a reduction of about 
50% for the printed abstract volume. 

Follow these guidelines: 

(1) Type title in all capital letters. | 

(2) Leave one line blank after title. ^ 

(3) Type name of first author, affilli- 
ation, and address. 

(4) Type names of second and following 
authors, if any, leaving no blank 
lines between authors. 

(5) Underscore the name of author who will 
present paper. 

(6) Leave one blank after author 
block. 

(7) Hand-lettered symbols or Greek letters 
are acceptable. 

(8) Use SI units. 

NOTE: There are no special forms distributed 

for typing abstracts. If necessary this 
block (10.4 x 20 cm) may be traced on 
typing paper in nonreproducible blue pencil 
or may be traced in dark lines on a backing 
sheet. Be sure, however, to include all 
information. 

(10.4cm) 


Submittal Information 

1. Meeting name — Ocean Sciences 19K2 

2. CmreaiiundiiiK address. — Give com- 
plete address and phone number of 
author to whom all correspondence 
should be sent. Abbreviate as much 
as possible. 

3. Kind of presentation — Indicate your 
preference with one of tho following 
letters: O for oral, P for poster. The 
chairman may assign your paper to 
either of these types of presentation 
in order to fit his program plan. 

•1. Type title of special session (if any) 
to which submittal is made. 

5. Give the percent of material previ- 
ously presented or published and 
whore. 

li. Billing information: 

a. Complete billing address if other 
than the corresponding address 
(item ’2 a hove). 

h. If pnrehase order is to be issued, 
indicate number. (Please have is- 
suing department list name of 
first author and title of paper on 
P.O.) 

c. Student rate applicable. 

7. Indicate whether paper is G (con- 
tributed) or I (invited). If invited, 
list name of in viter. 


Abstract Ooadlinp: November 10, 1901 

Mail original and two 
copies to: 

Ocean Sciences Mealing 
(/sT) American Geophysical Union 
2000 Florida Avenue N Vl 
Washington. D.C 20009 


Members: Charles D. Hollister, Woods Hole Oceano- 
graphic institution, Woods Hole, MA 02543. (617) 548- 
1400; Peter Jumars, Ocean Science and Technology Divi- 
sion, Office of Naval Research, 800 N. Quincy Street, Ar- 
Unaton -VA 22217, (202) 696-4590; Claire Schelski, Great 
Lakes Research Division, University of Michigan, Ann Ar- 
bor Ml 48109. (313) 764-2422; and Karl Tureklan, Geology 
Department, Yale University, Box 2161. Yale Station. New 
Haven. CT 06520. (203) 436-0377. 

Special Sessions 

Ocean Climate and Biological Productivity Connections 
Overview of Large Oceanographic Projects 
Biology and Physics of Gulf Stream Rings 
Relations Between Biology and Circulation in Ihe Gulf of 

Mexico 

Geophysical Monosraph 20 

THE EARTH'S CRUST 

(1977) 

edited by J.G. Heacock 
A broad study of crustal dynamics aimed toward 
an understands of the earth based on geo- 
dynamic phenomena and present knowledge of the 
earth's Interior. Expanding our knowledge of the 
crust Is directly related to the Increasing demands 

of society for natural resources. 

•816 pages *Ust Price $39.00 
•Catalog number GM2000 
. . 20 % discount to AGU members. 

; Orders under $50.00 must be prepaid. 

; Order From: American Geophysical Union 
2000 Florida Avenue, N.W. 

• : ttM^hlnaton/ D.CJ0009 ^ r __ 


Geological Effects of Ocean Circulation 
Anthropogenic Inputs to the Ocean; Diverse Points of 
View 

Processes and Resources of Ihe North Pacific Shelves 

Small Lake Limnology 
Marine and Freshwater Bioturbation 
Ocean-River Interaction: Sedimentation and Chemistry 
Particle Fluxes in the Water Column and Benthic Bound- 
ary Layer 

Relations between Mesoscale Physical and Biological 
Processes 
Coastal Processes 

Biological and Physical Measurement Techniques 
Microscale Processes and Effects on Biota 
Physics and Biology of Ice Edges 
Physical, Chemical and Biological Processes in Large 
Lakes 


ANTON L. HALES SYMPOSIUM 

The Geosciences Program of The University of 
Texas at Dallas will sponsor a Symposium entitled 


"SOME RECENT ADVANCES IN 
GEOPHYSICS" 

on October 6-6, 1981. in honor of Dr. Anton L. Hales 
on his 70th birthday. " 

The Symposium will consist of two days of invited 
talks by internationally known speakers from acade- 
mia and industry on recant developments In geophys- 
ics with an emphasrs on seismology. Topics will In- 
clude recent COCORP results, modelling reflection . 
seismograms, heterogeneous earth structure, attenu- 
ation of seismic Waves, and global tectonics. 

. For additional details and registration information, ■ : 
contact Richard M. Mliterer or Ronald W. Ward, Pro- 
grams in Geosciences, The University ot Texas at. 
Dallas, P.O. Box 688, Richardson, Texas 75080. 
Telephone: 214-690-2401. 


• . n 

i !'!•; -It 














SS4 EOS, vol. 62. no. 25. June 23. 1981 


Geophysical Year 

(Boldface indicates meetings sponsored or 
cosponsored by AGU.) 


June 2D -July 2 22nd United S lutes Syrnno. 
sium on Rock Mcctmmcs. Cambridge. 
Mass. Sponsor. Massachusetts Institula of 
Technology. (Barbara Dullon. Coordinator. 
Contor for Advanced Engineering Study 
Seminars. MIT, Cambridge. MA 02139.1 
Juno 29- July 3 Conference Workshop on 
Helorogenoous Catalysis— lls Imporlance 
to Atmospheric Chemistry. Albany N Y 
Sponsors. NSF. NASA (V. A. Mohnen. At- 
mosphoric Sciences Research Comor. 
Stale Umv ol New York. Albany NY 
12222 . 

Juno 29- July 1 1 Seminar on Fluid-Dynami- 
cal Problems in Astrophysics and Goo- 
physfcs. Chicago. III. Sponsors, American 
Mathematical Society. Soclely tor Industri- 
al and Applied Mathematics. (Meeting Ar- 
rangements Deportment. American Mathe- 
matical Soclely. Posl Office Box 6248 
Providence, R.l.) 

July 6-- 1 1 Goocongross 8 1 -Soulh African 
Geodynamics Project and 3rd Iniernattanal 
Platinum Symposium. Pretoria. Soulh Afri- 
ca Sponsors, Geological Society of South 
Alnca, South African National Committee 
lor Ihe International Union ol Geological 
Sciorices, Society of Economic Geolog Isis, 
(mo Syinposruni Secretariat S. 217. CSIR 

c °.k B *?, 395, ,,ro,arili 0001 Republic ol 
South Africa.) 

July 0-io National Curiloroncn on Envrran- 
mmitnl ErigmaorFng, Atlanta, Ga. Sponsor 
hmwonniontnl Enginoering Division of 
Amo, lean Society ol Civil Enqlnoors. (F 
Michael Snundors. I9B1 Naiional Confor- 
enco on Environmental Engineering 
School of Civil Engineers. Georgia Institute 
of Technology. Atlanta. GA 30332 ) 

July 1 5-1 7 Summer Computer Simulation 
Conference. Washington. O.C. Sponsors, 
rislrumenl Society of America, the Society 
, Com Pi'ter Simuraflon. (WiHram E. Bu- 
cii.iriar». Applied Physics Labernlory. 

i , !'. IB il 0phin ‘- 5 Roai1 - LfHirQf - MD 20810 ) 

„ Ch ,"E™* n C-"'«enc 0 on 

s.r A *' H-w. 

J tp 2 Jr?° 2,51 General Assembly of IA- 
SPEI. London, Ontario. Canada (A E 

S2* 1 of Geophysics. Univ. of 
Wesfern Ontario, London. Ontario N6A 
5B7 Canada.) 

July 27-30 Eighth International Sym- 
poeltim on Urban Hydrology, Hy. 
draulfci, and Sediment Control, 

L'HfS K V- ,Da " J- Wood. Department 
of Civil Engineering. 206B Anderson Hail 
. of Kentucky, Lexington. KY 40506 ) 

bl Fi 5 n K.' AG K A ,f 0ur,h Assam- 

biy. Edinburgh. United Kingdom. (B. R 

p 55J"; Mlf- Geological Sciences. 

Edinburgh EH9 3LA United Kingdom > 

1 ph , , t n,emalional Conference on Enar- 
gy Education. Providence, R.r. (Donald Kir- 
wan. Conference Chairman. Office 0 f En- 
ergy Education. Univ. of Rhode Island 

Kingston, R | 02881.) 

Symposium on Variations in the 
Global Water Budget. Oxford. United King- 
dom Sponsors. ICCL. IAHS. INQUA. 9 
{Pror. R. E. Newell. Department of Meleo- 

02?39 j 54 ’ 1520, MIT ’ Cambri <fge. MA 

Aug. 9-ia international Congress ol Sur- 
veyors. F.LG., Monireux. Switzerland 
Sponsor. Federation Internationale Das 
Geometres (American Congress on Sur- 
veying and Mapping. 210 Little Falls 
Street, Falls Church, VA 22046.) 

Aug 10-14 International Conference on 
Basement Tectonics. Oslo. Norway. Soon- 
sor Norwegian Petroleum Society (R 0 y H 
Gabrielson Dopanment of Geotogy. Univ 
ol Osfe, P CX Box 1047. Bfindorn. Oslo 3 
Norway; or Don L. Baars. Department of 
Fo,t Lowis College. Durango, CO 

Al 3rita«f?h F ° rtJrn 81 : T «hnlcal 
Stale of the Art txchango. San Francisco. 

Sponsors. Amorlcan Soclely ol Civti 
Engineers. Irrigation nnd Drninago Divi- 
sion, Committee on Drarnngo (P. M. Moy- 
ers, 509 North Roosevelt Bfvd . Apt. D- 
105, Falls Church. VA 22044.) 

Aug. 10-19 20tli General Asscmbry of the 
Intornaiional Union ol Radio Sclenco 
Washington. O.C. |R Y. Dow. National 
Academy ol Sclencos. 2101 Constitution 
Ave.. Washington, DC 204 1 8 ) 

Au ® .!7“ 2 ? „ TWr <* Scieniiftc Assembly ol IA- 
MAP with Extraordinary General Assem- 
bly, Hamburg. Foderal Republic ol Gomru- 
ny« S. Rulfenburg. NCAR, P.O. Box 3000. 
Boulder, CO 60307.) 

AtJ 9‘ ,! 7 - 18 Op en Symposium on Malhe* 
mailcaf Models of Radio Propagation 
Washfegton D.C. Sponsor. URSI. (J.'r. 

Wall, Bldg. 20, Electrical Engineering De- 
parimeni. Univ. of Arizona, Tucson, A Z 
65721.) 

Aug. 17-22 Ninth International Sym- 
poelum on Earth Tide., New York. 

WGG. corumbfa 
T ;, Ku * 828 S.W. Mudd, Colum- 
bia Univ., New York, NY 10027.) 


Aug. 18—21 Second Biennial Conference 
and Exhibition ol Ihe Australian Society ol 
Exploration Geophysicists, Adelaide, Soulh 
Australia. (J. Halgh, Conference Chairman, 
P.O. Box 42. Unfay, South Australia 5061.) 
Aug. 20-21 Second Inlernational Sympo- 
sium on Computer-Aided Seismic Analysis 
and Discrimination, North Dartmouth, 

Mass. Sponsors. Electrical Engineering 
Department, Southeastern Massachusetts 
University, IEEE Computer Society, IEEE 
Acoustics. Speech and Signal Processing 
Society. (C. H. Chen, Electrical Engineer- 
ing Department, Southeastern Massachu- 
setts University. North Dartmouth, MA 
02747.) 

Aug. 24-26 International Symposium on 
Management ol Geodetic Data, Copenha- 
gen, Denmark. Sponsors. IAG. the Danish 
National Committee ol IUQG. Geodaellsk 
Instflut. (C. C. Tschernfng. International 
Symposium Management of Geodellc 
Data. Geodaellsk Inslitut, Gamlehave Alls 
22, Charloltenlund DK-2920 Denmark.) 

Aug. 24-29 Eighth Annuar Meeting of Ihe 
European Geophysical Society, Uppsala. 
Sweden. (C.-E. Lund. Chairman Local Or- 
ganizing Committee. Institute of Solid 
Earth Physics, Uppsala University, Box 
556, 22 Uppsafa, Sweden.) 

Aug. 25-27 The Royal Institullon of Char- 
tered Surveyors Centenary Celebration. 
London. England. (Representative Rad- 
linskl. American Congress on Surveylno 
and Mapping, 210 Little Falls Street. Falls 
Church. VA 22046.) 

Aug. 26-Sept. 9 Arc Volcanlsm Sympo- 
sium. Tokyo. Japan. Sponsors, Volcono- 
toglcnl Society of Japan. IAVCEI. (Dalsuke 
Shjmozuru, IAVECEI Symposium on Arc 
Volcanlsm, Enrlhqunke Research Institute 

pan ) ° TOky °' Bunhyo ' ku - Tokyo 1 13 Ja- 

Aug 31-Sept 2 Third International Collo- 
quium on Mars, Pasadena. Calif. Spon- 
sors NASA, Lunar and Planetary Institute 
Division of Planetary Sciences of the AAS 
Conway W. Snyder, Jet Pra pu | 3 | 0 n Labo- 
ratory, Pasadena. CA 91109.) 

5 s 7 m Posium on Geodellc 
Networks and Compulations. Munich. 

Sponsor - 'AG. (Deutsche 
Gttodaifsche Kommiesion, Bayerlschen 
Akademfe der Wissenschalten. Marstall- 
p/alz 8. D-8000 Munchen 22 ) 

S ” l,Bd f! aIlons s Y m P°slum on Water 
Management In Industrialized Areas Lis- 

(Chalrman of (hB Executive 
Commitiae. International Symposium on 
Water Management in Industrial Areas 
c o Lnf?!s W 0 J 0 o ReS0urces Association. 
Por|ygaM ,aSil ' ,0 '' 1799 Us »°". 
Sep ‘- 7~ 12 JWfe International Symposium 
on Antarctic Glaciology. Columbua^Ohio 
Sponsors ntematlonal Commission on ' 
lc ®- International Glaciologlcal 

ni !S?e 0, < Polar Studi0s - 
ohSmioj at Mal1, Columbu s. 

Sb P i. 8-12 American Society of Photo- 

?nnTH 8 [7‘ A,T1BriCan Con 9 r e3s on Survay- 
Frarr!^ , M FaB invention. San V 
3« o L W ' A " 0fS - GSGS, 

P^ CA 9“ 5 J Md ' ^ ail 9,0 P 31 . Menlo 

Se , pL 13 “l 7 National Water Well Aasoda- 
vmt B ?T d ? nn “ al Conv Bnlion and Ground- 
kfi 8 / Te0hno, °fly Education Session 
KansasCily. Mo. (NWWA, 500 WeslWil- 
Se 5 ° n , B e rid90 W. Worthington, OH 43085.) 
ci, 18 " 18 . ° 0 *® n * *®1. Boston Mass 
S|»nsors. Marine Technology Society 

AGU ?R U w dl P f 0c8Bnic Engineering 
Na 0'®. Publicity Manager Ray- 

r&r 4,spr,n8s ' La * 

/Rnh S Effensburg, Wash 

Of Geology, Elfansburg WAmSoT ^ 

National WatefweM AmocIb- 
tion 34th Annual Convention and Fvnno' 

Protection. University ol Frankfurt Rob«rt 

oft*’ '■ ^ F7 ="W«mI ™i 
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ing of the Soclely ol Exploration Geophysi- 
cists. Los Angeles. Calif. (William L. Baker, 
Technical Program Chairman, c/o Chevron 
Oil Field Research Co., Box 446, La Ha- 
bra, CA 90631.) 

Oct. 13-15 Fifth Geopres8ured-Geothermal 
Energy Conference, Baton Rouge, La. 
Sponsors, Louisiana Geological Survey, 
Department of Natural Resources: Energy 
Programs Office, Louisiana Slate Universi- 
ty: U.S. Department of Energy. (Ann Bach- 
man, Conference Coordinator. Energy Pro- 
grams Office, 105 Hill Memorial, Louisiana 
State Univ., Baton Rouge, LA 70803.) 

Oct. 13-16 Division ol Planetary Sciences 
of Ihe American Astronomical Society An- 
nual Meeting, Pittsburgh. Pa. (B. Hapke, 
Dept, of Geology and Planetary Science, 

321 Old Engineering Hall, Univarsity of 
Pittsburgh, Pittsburgh, PA 15260.) 

Oct. 14-16 Third Surveying and Mapping 
Colloquium for the Petroleum Industry, 

Banff, Alberta, Canada. Sponsor, Canadi- 
an Petroleum Association. (Liz Hampton, 
Canadian Petroleum Association, 1500 
833 Sixth Ave., S.W., Calgary, Alberta, 
Canada T2P 2Y5.) 

Oct. 19-22 Earth Impact Conference, 
Snowbird, Utah. Sponsors, Lunar and 
Planetary Institute, National Academy of 
Sciences. (Earth Impact Conference. Lu- 
nar and Planetary Institute, 3303 NASA 
Road 1 , Houston, TX 77058.) 

Oct. 22-24 Fourth Conference on the 
Physics of the Jovian and Saturnian Mag- 

?i^ P t! re8, Laursl - Md - Sponsor, NASA. 

(S. M. Krimlgls, Applied Physics Labora- 
tory. Johns Hopkins Univ., Laurel, MD 
20810.) 

Oct. 26-30 Symposium on Quaternary 
Land-Sea Migration Bridges and Human 
Occupation of Submerged Coastlines, La 
Jolla, Calif. Sponsors, Quaternary Shore- 
Ines Commission of the International 
Union for Quaternary Research, Scientific 
Committee ol the World Confederation of 
Underwater Activities. (Patricia M. Mas- 
lers, Scrlpps Institution of Oceanography 
A-012, La Jolla, CA 92093.) V 

Slx,h Biennlal International 
SL ® 0 Rasaarch Conference, Gleneden 
Beach, Oreg. Sponsor, Estuarine Re- 
search Federation. (Jay F. Watson Trea- 
surer, USFWSSutte 1982. 500 N E. Mult- 
nomah Street. Portland, OR 92232 ) 

Nc ?^ 2 “® International Conference on Ihe 
Venus Experiment, San Francisco Bay 

rSn a S £° n80r * NASA - < Dr - Lawrence 

5cATC rChCml!, ’ W0 " 

N °cLn7rVi n S J? 8C,al Confer0 nce on Ihe Me- 
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AAPG American Association nf 
Geologists of Petf oteum 1 

AMS American Meleoroloolpm . 

IAMAP International Association of 
ogy and Atmospheric S of 
IAPSO International AssoclSn of 
Sciences of the Ocean 
IASPEI International Association of Sak™ , 
ogy and Physics of the Earth's rmJ* 
iAVCEl International Aassoclalton of Vofca 
oology and Chamlairy ol too E^-,^ 

'UGS IntornaUona! Union olGaotoglalS* 

IWRAInlemaUonal Water Resource, A®* 

IS«5KS!. 

URSI International Union ol Radio Sclance 


gy. (Shlgeyukl Somiya, Research Labora- 
tory ol Engineering Materials. Tokyo Insti- 
tute of Technology, Nagatsuta. Midori 
Yokohama, 227 Japan.) 

Mar. 24-27 Conference on Earthquake 
Hazards in the Eastern San Francisco Bay 
Area. Hayward, Calif. Sponsors, USDS, 
East Bay Council on Surveying and Map- 
ping, Calif. Dlv. of Mines and Gaol., Wood- 
ward-Clyde Consultants. Calif. St. Univ. at 
Hayward. (Sue Hlrschfleld, Dept, of Geo- 
logical Sciences, California State Universi- 
ty, Hayward, CA 94542.) 

Apr. 11-16 Penrose Conference on Anlarc- 
tlca, Shenandoah National Park, Ve. Spon- 
sor, GSA. (Ian W. D. Dalzell, Lamont-Do- 
herty Geological Observatory, Columbia 
University, Palisades. NY 10964.) 

April 19-21 Cordflleran Section, Geological 
Society of America and Selsmological So- 
ciety of America Annual Meeting, Ana- 
heim, Calif. (Nell Maloney, Earth Science 
Department, California State Univ., Fuller- 
ton, CA 92634.) 

April 27-29 Chapman Conference on 
Rainfall Rates, Urbana, III. (Meetings, 
AGU, 2000 Florida Avenue, N.W., Wash- 
ington, DC 20009.) 

May 3-7 14th International Lfege 
Colloquium on Ocean Hydrodynam- 
ics, Lfege, Belgium. Sponsors IAPSO, 
Unesco Marine Sciences Division, EGS, 
Intergovernmental Oceanographic, AGU. 
(Jacques C. J. Nlhoul, University of Lfege, 
Mecdnlque des Fluldes G6ophysJquas- 
Envfronment, BB- Sari Tllman, B-4000 
Lfege, Belgium.) 

May 7-20 General Meeting of IAG, Tokyo, 
Japan. (I. Nakagawa, Geophysical Insti- 
tute, Kyoto University, Sakyo-ku, Kyoto 
606 Japan.) 

May 10-12 Fourth International Conference 
on Planning and Management of Water 
Resources for Industrial, Agricultural, and 
Urban Use, Marseilles, France. Sponsors, 
Commission Europdanne MedlterrandennB 
de Plantation des Eaux (C.E.M.P.E.), 
Soctetg des Eaux de Marseille (S.E.M.), 
the Bureau de Recherches Gdologlques et 
Mlnferee (B.R.G.M,), Centre de Formation 
Internationale k la Gestlon des Res- 
eources en Eau (CEFIGRE), UNESCO, 
Commission des Communautds Euro* 
pfiennes, Association des Hydrog6otogues 
(AlH), (Secretariat de la Conference, So- 
ctete des Eaux de Marseille, 25 rue 
Edouard Delanglade— 13006 Marseille, 
France.) 

May 24-June 4 International Solar-Terres- 
trial Physics Symposium, Ottawa, Onteftoi 
Canada. (Professor Liu, University of Illi- 
nois, Urbana, IL 61001.) 

May 24-June 4 24th Plenary Meeting of 
COSPAR Ottawa, Ontario, Canada. (Dean 
Kastel, Space Sciences Board, National 
Academy of Sciences, 2101 Constitution 
Ave., N.W., Washington DC 20416.) 

May 25-29 Symposium on the Com- 
position of Nonurban Troposphorsj . 
Williamsburg, VA. Sponsors, AMS, NASA, 
AGU. (Jack Rahman, Mall Stop 401 -B, . 
NASA Langley Research Center, Hamp- 
ton, VA 23865.) 

May 31 -June 4 AGU Spring Masting. 

Philadelphia, Pa. (Meetings, AGU, 2000 :. 

Florfdq Ave., N.W., Washington, DC 
20009.) 1 

June 13-17 International Symposium ori 
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Fall, Mootings : 
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\ December 8-1 0, 1982, San Francisco 
■ December 5-a, 1983, San Francisco 

"Spring Mootlrigs 

May 31 -June 4, 1982, Philadelphia 
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.^meteorology. Denver, Colo. Sponsor, 
a^erican Water Resources Association. 
Jffjohnson, Woodward-Clyde Consul- 
ate, 2900 West 7th Ave., Denver, CO 

JfSis International Conforonco 

^ Rainwater Cistern Systems, 

Honolutu, Hawaii. Sponsors, University of 
uSwars Water Resources Research Cen- 
tal AGU (Yu-SI Fok, General Conference 
Airman. Water Resources Research 
Cwler!unlv. of Hawaii, 2540 Dole Street. 
Honolulu. H! 96622.) 

lu*, 27-July 2 Fifth International Confer- 
ee on Geochronology. Cosmochronolo- 
JJ end Isotope Geology. Nlkko National 
Park Japan. (K. Shlbata, Geological Sur- 
vey of Japan, Higashi 1-1-3, Yatabe, Ibar- 
a id 305 Japan.) 

July 19-30 Scientific Meeting of IAHS with 
Extraordinary General Assembly. Exeter. 
United Kingdom. (John C. Rodda, Depart- 
ment of the Environment, Water Data Unit, 
Reading Bridge House, Reading RG1 BPS 
United Kingdom.) 

Aug 2-13 Joint Oceanographic Assembly, 
Halifax, Nova Scotia, Canada. Sponsor, 
Scientific Committee on Oceanic Re- 
search. (Leo O'Quinn, National Steering 
Committee for JOA, c/o Canadian Commit- 
tee on Oceanography, 240 Sparks St., Ot- 
tawa, Ontario K1A 0E6 Canada.) 


vvornsnop on boiar- Terrestrial Influences 
on Weather and Climate, Boulder, Colo. 
Sponsor, Lockheed Palo Alto Research 
Laboratory. (Billy M. McCormac, Lockheed 
Palo Alto Research Laboratory, Dept. 52- 
13/B202, 3251 Hanover Street, Palo Alto, 
CA 94304.) 

Aug. 15-21 Fourth International Sympo- 
sium on Antarctic Earth Sciences, Ingle 
Farm, South Australia, Australia. Spon- 
sors, Australian Academy ol Science, Aus- 
tralian Academy of Technological Sci- 
ences. International Union ol Geological 
Sciences, Scientific Commlttea on Antarc- 
tic Research, Geological Society of Austra- 
lia, Inc., Univ. of Adelaide. (J. B. Jago, 
South Australian Institute of Technology, 
P.O. Box 1, Ingle Farm, South Australia, 
Australia 5098.) 

Aug. 15-22 International Meeting on Gen- 
eration of Major Basalt Types, Reykjavik, 
Iceland. Sponsors, IAVCEI, IAGC. (Basalt 
Meeting, c/o G. E. Slgvaldason, Nordic 
Volcanologlcal Institute, 101 Reykjavik, 
Iceland.) 

Aug. 15-22 IAVCEI and IAGC Join! Meet- 
ing, Reykjavik. Iceland. (G. E. Slgvalda- 
son, Nordic Volcanologlcal Institute, Univ. 
of Iceland. Geosctencsa Building, 101 
Reykjavik, Iceland.) 

Aug. 22-28 11th International Congress on 


Sedlmentology, Hamilton, Ontario. Cana- 
da. Sponsor, IAS. (IAS Congress 1982. 
Department of Geology, McMasler Univer- 
sity, Hamilton, Ontario L8S 4M1, Canada.) 

Aug. 22-28 Third Clrcum-Paelflo En- 
ergy and Mineral Resources Con* 
ference, Honolulu, Hawaii. Sponsor, 
IUGS. (AAPG Convention Department, 

P.O. Box 979, Tulsa. OK 74101.) 

Aug. 23-27 Second Symposium on Applied 
Glaciology, Hanover, N.H. Sponsor. Inter- 
national Glaciology Society. (Secretary 
General, International Glaciologlcal Socie- 
ty, Lenslleld Road, Cambridge CB2 1ER, 
United Kingdom.) 

Aug. 24-27 Ninth Annual Meeting ol the 
European Geophysical Society, Leeds, 
United Kingdom. (J. C, Brlden, Department 
of Earth Sciences, University ol Leeds, 
Leeds LS2 9JT, England.) 

Sept. Third International Kimberlite Confer- 
ence, Clermont-Ferrand, France. (Fran- 
colse Boudier, University de Nantes. La- 
boratolre de Tectonaphysique, 2 Rue de la 
Housslnlere, 44072 Nantes, France.) 

May or Sept. Scientific Meeting of IAPSO, 
Halifax, Canada. (E. C. LaFond, LaFond 
Oceanic Consultants, P.O. Box 7325, San 
Diego, CA 92017.) 

Dec. 6-10 AQU Fall Mooting, San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington, DC 20009.) 


July 18-23 Fourth International Conference 
on Permafrost, Fairbanks, Alaska. Spon- 
sors. National Academy of Sciences, State 
of Alaska. (L. De Goes, Polar Research 
Board. National Academy of Sciences, 

2101 Constitution Ave., N.W., Washington, 
DC 20418.) 

Aug. 15-26 IBth General Assembly of 
IUGG, Hamburg. Federal Republic of Ger- 
many. (P. Melchior. Observe tolre Royal de 
Belgique, Avenue Circulaire 3, B-1 180 
Bruxelles, Belgium.) 

Aug. 27 Symposium Commemorating the 
100th Anniversary of Ihe Mount Krakatau 
Eruption, Jakarta, Indonesia. Sponsor, In- 
donesian Institute of Sciences. (Dldin Sas- 
Irapradja, Deputy Chairman for Natural 
Sciences, LI Pi JL, Teuku Chlk Diliro 43, 
Jakarta, Indonesia.) 

Sept. 12-14 Naiional Water Well Associa- 
tion 35th Annual Convention and Exposi- 
tion, St. Louis. Mo. (NWWA. 500 West WiE- 
son Bridge Rd., Worthington, OH 43085.) 

Dec. 5-9 AOU Fall Mealing, San Fran- 
cisco. Calif. (Meetings, AGU. 2000 Florida 
Ave.. N.W.. Washington. DC 20009.) 
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Nominations for New VGP Award 
Sought 

At the 1981 Spring Meeting in Baltimore, the VGP Exec- 
utive Committee voted to establish a VGP Award. The 
guidelines for the award are as follows: 

f. Basis for ihe Award 

The award is to be given for a single outstanding contri- 
bution to volcanology, geochemistry, or petrology made 
during the preceding 5 years. The contribution may be: (i) a 
single outstanding paper published in any journal; (2) a se- 
ries of papers which, taken together, constitute an out- 
slandlng contribution; and (3) any other contribution that 
Hie Selection Committee considers worthy. The award will 
be accompanied by a suitable certificate, with the recipi- 
ent's name and year of award, signed by the president of 
the VGP Section. 

ll. Number of Awards 

The award may be given to as many as five or as few as 
zero individuals during any calendar year. Multiple awards 
roay bs either shared awards or separate awards, as ap- 
propriate. 

HI. Nominations 

Nominations for the award may be made by any member 
d AGU. They must be accompanied by a written statement 
tithe basla for domination. Copies of the contrlbutlon(s) for 
the person Is nominated should accompany the nom- 


ination statement If appropriate. Nominations may be sub- 
mitted to the chairman of the Selection Committee or to 
any officer of the VGP Section for transmittal to the Com- 
mittee. 

IV. Eligibility 

Any member of the scientific community is eligible for the 
award, but no individual may receive Ihe award more than 
once. The Committee is charged with seeking out scientists 
whose work has not been recognized by Ihe receipt of oth- 
er awards, but this charge is not a restriction on the award. 

V. Selection Committee 

The Selection Committee shall consist ol five AGU mem- 
bers affiliated with the VGP Section. Each member shall 
have a tenure of 3 years. Terms will overlap to provide 
continuity to the Committee. One or two members— as ap- 
propriate— shall be appointed each year by the president ol 
the VGP Section after consultation wilh the other VGP offi- 
cers. The VGP President shall determine Ihe tenures of the 
members of the initial Selection Committee. 

VI. Committee Chairman 

The chairman of the Selection Committee will be select- 
ed by the president of the VGP Section from among the 
second- or third-year members of the Committee. 

VII. Committee Recommendations 

The Selection Committee shall make an annual recom- 
mendation to the Executive Committee ol the VGP Section 
as to who should receive the award. The recommenda- 
tion shall include the nominating statement(s) of qualifica- 


tions and a draft, or drafts, of suitable citations. Tito Execu- 
tive Committee of the VGP Section has veto power and 
may refuse or return any recommendation to Iho Selection 
Committee for further consideration. The Executive Com- 
mittee shall reach their decisions by majority vote of those 
In attendance or communication. In case of lie voles the 
VGP Section President will have the final authority. The Se- 
lection Committee shall also submit the names and qualifi- 
cations ol all nominees considered lor the award to the Ex- 
ecutive Committee, who will consider the nominees for pos- 
sible nomination for AGU Fellowship. 

VIII. Awtird Schedule 

May — Announcement in Eos soliciting nominations from 
AGU membership. July— Selection Committee members 
and AGU membership make nominations to Ihe chairman 
August — Committee comes lo a consensus. September — 
Committee recommends Ihe annual recipients of ihe award 
to the VGP Executive Committee. October — Executive 
Committee takes action on recommendations. Secretary ar- 
ranges for announcement in Eos and for certificates. De- 
cember — Award made at Western Meeting ol AGU Execu- 
tive Committee may decide lo have award made al the Fall 
Eastern Meeting if circumstances warrant delay in presen- 
tation. April — President of section selects new members for 
Committee and designates new chairman in accordance 
with paragraphs V and VI above. 

Nominations for the first VGP Award, which will be pre- 
sented at the 1981 Fall Meeting in San Francisco, are now 
being sought. AGU members should send nominations and 
appropriate supporting material to the VGP President (Wal- 
lace Broecker), President-Elect (Joseph V. Smith), or Sec- 
retary (G. Brent Dalrymple) for transmittal to the Selection 
Committee. 



Separates 

To Order: The order number oan be 
at the end of each abstract; use all 
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SlH Plain Hoclon, Coauactloa, or Circulation 
PIOPACATIKG SOttTaRH DUECTICH FSCH7S 
T.E. Hoora, (Spec* Science Cantor, Ihtvirally of 
Heu Baapehlro, Durban, H.R. OHM) >.L. A moldy, 

J. Tainun. and 0-A. Hardy 

Tha |ooayncbronoiia H8-1 bnl rmaom l Ninte- 
■aaea lipirlMtt waa npacatad dor lag rilcarn ivn- 
log paaaaa whan tha XHU apecocvaft waa vlthlal- 
1 Rg Bid both spacecraft* vara vary nsar (ha jm- 
upntle equator. Hiaaraaa, well da fined tub, taro 
lajactlona war* recorded at both apacaerafea with 
vary tug local tin* and Tad III aaparatloO. Aecn- 
T*ta delay lining waa pnaalbla alaca thaaa aranta 
exhibit abrupt aod aaaeotUUy dUparolnolaaa (to 
within 10 a*c) plaaoa fins chaii|aa which roplaea 
coal pra-oxlillBi plaaoa with hoe quaal-Hamlllaa 
dlitrlbut torn. lha hot plana pieptiMM Earth* 
ward la clean aaioalatlco with an equally abrupt 
aainaclc flail incraaaa at walacUlaa In tha range 
of lO-lOO li/aM. Da thla batla wa (danclfy Cha 
agent of In] hi Id* ei th* ladocad atacCetc field 
of lha Earthward prepagaitng canpraaalon wava ob- 
aarvad hy tiueall end HePhairon, and wa gafar to 
cha prop a gat Lag part Ida accuetura aa th* injec- 
tion front. Thai# dr anal Ic ayaeftromnia orbit 
alaetrca Injure lan elgnaturaa ara producad welnly 
by a bowdiry Ml tea rather than by local accel- 
eration of plaaaa. However, wa Ibid isna evidence 
that tha plaaaa aheac electioea am weakly liaaiad" 
by tha paanga of each cooptoiifui wava, lha anargy 
eppMrlng oalnly In tba high anttgy tall of th* dla- 
irLbuiiM. th* apart r* l change wa ob.exva atguea 
eanvlhalngly chat tha boundary lo quiet Ion u a pie- 
, clpltat Eon-flow hoondary layer and (hat th* neat- 
larth plamo nhaat la algn|f Iraotly dagradad lo avar- 
aga energy by tha addition of lenaapbarU plauu, 
especially aacacdary elect rone amltied by th* leoo* 
■rbara duo to precipitating eotlgal 1c alatirm*. 

Ih* praeanea of algnlflrant Ufat raqulraa that m 
change of napping occur betvian' tha equatorial plana 
and (ha loneaptierai tha. aanaa being auch aa to nap 
tha I award nov Ing Injection treat rb a relatively 
Iliad latitude In ihn loooaphara, lha lack of equa- 
tniward akiroral aapanalvn during aobatorat Is thua 

5?i UTyV."VW. -ftV/ftfcTUtaf- »"!•«=* •«>■ 


SIM Plaani aatloo, eonvactiaa, or tlrcwlBtlon 
0V THE VELOCITY DimiBVTIOB fly Ifld JETS PUKIHa 
IWSTORX UOQTHn 

J. bln (Ruhr-On Ivsrs I (it lochvn, IMO.lMlm, 

:H. Carwany),T.C. yorbai , E.V. Vqaai, Jr., S.J. 
ha* (UnlvaraUy of California, La, A l ana a 
' Hat tonal Labouiory, Lo, kleopa, KM |7M, U1A> 
end G. Pa Bahama IKuc-PlincL-lnaiUitt fUr Phyalk 
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Uiloil near I c . nn-i (2 1 the craoX advance cequltad 
in intch lIiu rccncdcd uclenl-: stopping phanel for 
pra—lsrlns trcicla of the dlnenaluna expected fnr 
Kllaura IH. Tin) obaervad vie. predicted i«- 
parlai-ne arc: (1) II vre. lb raj and fll 11 vta. 

]c cn. Wo envision this Increnontnl crack grouth 
process ue concrihuclng co the control on the 
dovrvard tvrvoiwnl of the thcnal i racking front— 
and Its asnotlated hv>1rn thermal circulation aono 
--In th* upper portion* of lolldiryiag eubaerlal 
and aubnj r I no punded boeatt. (Glaae tronalLlon, 
bntalt, Inc resin col frdteure. 1 
It Gasphya. Rai., Red, Paper 1B0497 

8180 ThcnHl prsptrtlei 

ACOUSTIC VELOCITIES IN KATED BLOCX OF GRANITE 
SUBJECTED TO IMIAIIA. STRESS H.S. King 
(Enifncfrlng Gaoselince, Unfwriity or CallfomU, 
Btrfalgjr, CA) and B.N.P. Paulsson 
Acoustic nlocltfes tav* bMn aNiured within , 
H a cubic block of grenlu Isolated fren the 
lumundlHg rock. Tho block mi objected to 
uoliilil s trail*] In tho rang* 0-24 Mpa and to 
belting In the ranjj 14® to 98 °C. An Increase in 
temeriture froi 14° to 22°C in B* uni tressed 
block resulted In mi Inertan in folocltlos In 
dlrtctlam peril lol end perpoRdtculir to the 
Applied stress. A further Increase In temperature 
to 58 °C In the instressed block resulted In e 
decrease In velocities, Application of un leaf el 
•trill with the block at a temper, ture of 98®C 
roiul tsd Mrit In unlfom Increases In velocity to 
in applied stress or 10 MPa and Uitn sharp 
dacna sei froa 10 to 14 HPa. followed by uniform 
Increatet In velocity to a nexfu stress of 24 
HPa. A reduction in temperature to 16®t resulted 
in a sharp reduction In velocity, 25 percent less 
than originally measured at ambient tea^erature. 

If concluded that, at temperaturas rising to 
Kt, anisotropic thermal expansion of the 
crystals ccnprfslng the granite causes the closura 
of nicrocracks present In the unhealed rock. 

Between 72° and 9fl°C. particularly when stress was 
applfee. Irreversible mechanical changes occurred 
In the block. 

Ceophya. Rea. Lett., Paper L 1.036 h 
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and aaall alii ? ttl) large 

with* la .1, ."SiSri*- - a ^i“ h 

duformabM icy) . “"banicaj In-elm canting, 
Geophya. Raa. Lact,, Paper K0773 


6199 GENERAL OR fllSCaiAlEOUi 
THE EFFECT OF THEMIAL CYCLING ON THE 'Flour 
quALITY FACTOR. 0. OF iOHE 5EDIHEMWY S 
V.A. dark ami T.W. Spencer {D«L Sf iS . 
Ttoas AIM university. Col lege station WmlH* 
B.R. Tlttmann (Rockwell International 'sc|* n *. 8 ^ 
Center, Thousand Oaks, CA 91380 cl *iee 
Changes in Q In rocks In response lo Uisrm.1 
Cycling can result fnm the removal of ohLT’ 
sorbed water, an Increase In the crack dftMU 
and therefore the Internal surface ^ 

temperatures greater than 400®C. the r^!., . 
chemisorbed OH groups which are the ad!^M !® f 

due to the removal of physisorOed walw siou. 
^artalte and Berea sandstone were th.™n. 
cycled to 675 and 3S5 C respectively Th« n • 
both rocks Increased whon measured ow/a'hSaM 
range of relative humidities, but da£™*5T 
low humidities < 10-25*1. Hoa^oS ^ ' 1 
sorption Isotherms for the Berea sands tan* d 
showed no loss of adsorptive capacity of the 
Clays. Al though the surface area of thonLiw 
cracked rocks Increased, the number of sites * 
where adsorbed water molecules contribute S 
attenuation decreased. “ 

J. Geophya. Rua., R od , Paper 1R0781 
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6SIO Atmosphere of planets 

THS AJJITODS DISTRIBUTION OF THE VENDS ULTRAVIOLET 
HiCHTCUW AXD IMPLICATIONS ON VERTICAL TRAMmJ 

d * Bt r »phyi 1 qua , UnivariltP 
d« LiJgo, 43<X>-Coin ta-LiBga - Belgium! A l F 
Stawarc and 3.W. Bougher ‘ 

The altitude di atrlbut ion of the nitric oxide 
nlghtglow baa been maaaured with the ultraviolat 
apecttomaior on board Pioneer Venue. Limb profile! 
obtained near periapal. with . vSkm varticil 
luclon have bean fitted using a method IndapandeBt 
of ths spacecraft attitude date. It ie found th.1 
the sltituda or the oiaxlmum of the layar la ||A.> 
I'h.r"* Hslght -Jkm. It li shown 

that downward traneport by diffusion alone Is I n - 

idd« dlrr-( If ” rli ‘ al a “ rl " n *• PTonetrltsd b. 
sdd^ diffusion, an eddy diffusion coefficisst K 

mdi of ' t'ho ^aysr?" "*' ' rr °“ «“ s '“- 

Geophya. Rsa. Lutt., Paper 1LQS63 


*510 Atmospheres of Planets 
KBTFTOS AMD XENON IN THE ATMOSPHERE OP VENUS 
T. H. Donahue (Department of Atmospheric end 
Oceanic Science, University of Michigan, Aon 
Arbnr. HL 4SI09) J. H. Hoffman and R. R. Bodges, 

Probable values or the mixing ratios of krypton 
end its Isotopes on Venus by the Pioneer Venus 
large probe neutral mass ipact toner er are re- 
ported. An upper Limit to nost of cha xenon 
Isotope mixing ratios la alio sec. Basad on a 

Ar mixing tatio of JO ppm the krypton mixing 
ratio la probably 47 ppb and Its upper limit la 
f>'» ppb. The up par limit for As ie 120 ppb but 
thero tu probably considerably lcaa than 40 ppb. 
Atnoepharlc krypton and xenon on Venus exceed 
totrosrrlal valua* by factors of 9.5 and no nor* 
than JU, much leaa thnn the ratios far nuon and 
argon. It appears chat th* not- I d pauea on Vena- 
have a large aular ccmpunoni lompered tu Edrtli 
dad llarx, IRnro guuce, atmuapl.crs. FloncnT- 
Vinua, nail span r.-nutor • . 

Geophya. Ron. Lott., Paper II 05b I 


c?if,l Uaot t harel of Planets 

A™smRJ S8P71ClH BY AEROSOlS IM JUPITER'S UPPER 

*• I Ve,t i Laboratory for ALmoapheric and 
uEfw ^ y,1 5V ,od Aalro-aeophyalce DeparUnt, 
university or Colorado, Boulder, Colorado. 80309) 
Tie amount of aun light depot lied La the Jovian 
upper atmosphere la oslimaLed from reflecilvlly 
wajurement. at 2400 g by lh. Voyager 2 Fhetepoiir- 
„”. r •*Ffrinenl and at visible and neir-IR wave- 
1 ni t rument V* ^ by Pl(,naer 10 ,nd irowd-bned 

i. Ze L° ’, h0111 t,ne P cr «nt or the incident energy 
is abiorfaed at aUltudci shove the 100 abar level 
--a J?* 1 ? " ,tb “ e,n ’'■’m 1 for haie oplicil depth 
rh j n ?3 a >c,ll *rlng albedo. Several pertaat of 
tne lie idem energy could be abeorbed. If Li aic ing 
, '"*■ u,rf . *“8 if an addlUonal abiorbing 

leyor ie incorporated below tjie high altitude bate 
In Pioneer aadeli. Haximia absorption occurs at 
lho P° l,r «8iona near 165* latitude. 
01 sbsorbed energy is derived from visible 
•nn near- IS MdiaLtoo rather than UV radiation. 
(Jupiter atmosphere, aeroiole, abnorpLion). 

««phya. Res. Lett,, Paper 1L0J24 

6510 A bnoa pharma of rianata 

COULD SO, CONDEMSATION/fiU DLIHATION 
CAuBE THE SOMETIMES REPORTED POST-EO.IPflB 
BRIGHTENING? 

F. P. Fannie* and W. b. Banerdt (Space 
aaianoa Di via ion, J«t Propulsion Labors- 
wry. California Institute of Technology! 
Currently at Hawaii Institute of Geo- 
phyaloa, Univarsity of Hawaii) and 0. P. 
Crulkshank 

Jo's some tines- re por tad post-sol ipaa 
brightening nay bn caused by SO, froat 
formation during eclipse and sublimation 
on emergence. The known properties of 
“Ol can be used to explain quantitatively 
Uia amplitude of brightening and Its 
bill ty " n4 ( < 2 UBlita Lively) Its varla- 
Caaphys. Res. Lett., Paper 1L07 23 
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SfSW"'" JUPITER'S GREAT RED SPOT AND 

Propulsion Laboratory, 

* Drl«. Pas»Gena, California 91103) 

« n ® q - h - 64rna4u 

" iilIh leouencei of Voyager I hlgh-rexolutlon 
. IfjSfllter'* Great Rad Spot (GRS) and Hhtte 
J'TJ^we MP the flow field* within the GRS and 
4. 5 ite ewuto relative vortlclty within 
J**' future* as a function of smf -major axis 
illrth wd position anal* In a coordinate system 
of concentric ellipse* of equal eccen- 
Mc tr Both th* Vilodty and reldtlvs vortlclty 
r ' J; a rf n«rly Identical for Oval BC and Lho 
« wrtlon of the ORS. wind speeds of 110- 
I)a*a/IK art observed ne*r the outer edges of 
lair feature*- Along their minor axes relative 
BSfpSftl" roach a maxima of 
J i IO'^sk’ 1 . Thi* •* several times greater 
■un .ha erblenl 1.5 » T0‘ S sec' 1 merldlonel shear 
cr local winds at th* latitudes of tho GRS and 
fl.il K Hialmn Rossby numbers of 0.36 are com- 
lor nows within boLh the GRS and Ovel BC. 
cercrally. lh* s#f,b Y nua6ers within thess fea- 
lurii era much lower. Indicating strongly geo- 
tirHhic constraints on the flow. The difference 
■g jtrMillne curvature within the GRS and 
ft., I y |j found to compensate for the difference 
tn limitary vortlclty at the respective lati- 
1*1(1 of i* 1 * features. Notions within the con- 
mi region of thi GRS are much slower and more 
n n»i than around the spot's outer portion. 

J.Cuph/a. *“■• Gra* B . Paper 1C04 4 7 

,4» AUMBpbaiBa of pLonate 
conns co juprreR 

f£U> Ovo i*** 01 *“* *pa™ aolsnosx, BUHT, 

s&l Brook I1794J and Richard J. Tscrtla. 

St color, prsisnt ie tha clwds of Jupitsr at 
pv Uov Of ths (toyagsx snaountsrs art daoarlbed 
„1 MV ifpsarsd tn high resolution Images, 
lllkufh naoy different tints are praaent tn 
U,I, yictnraa, atma cloud units can be 
ctuicttriisd fay vary dl aerate oolora. We oan 
M mat latitnds, altltuRa, and dwalt-tlma are 
ill critical factor! In determining which oolora 
vhsrs. fast ths Identities of tha 
Hxosilkls efanmorhorts remain unsstablishnd. 
IlnluBtoss ground-band Sun observation! 
jvivlt tha da tarn I nation of tha relative 
lilllvif* of thaaa cloud ayatama. In daaaandtng 
nhr. vs hava ths whits clouds fptiswably 
mala cirraa), tha light brown or tawny clouda 
icroalre hydroosl fide and/or nnonilf idei?) J , 

< iirt tt-J*n cloud t-elt praaent only at aoms 
liillwhi, and the bina-qrey “hot npota" of the 
ipilsrlal region. The top of the Great Bed 
(tl n> exceed the sltituda or tho white clouds 
jiKCialon. basplta tha turbulence of the 
'•dm atnoaphare. correlations hotvecn cloud 
.-.lx ixd certain latitudes have fassn maintained 
hr i*:l4ea. auggsttinq tha lnportanca of the 
It'nul energy source and tha deep circulation 
i! iMatle] boos of the observed chr-xrc-i-h^ree. 
I'gltar, colors, acaospnoro, clouds) . 

J. (aiptgi. Roa,, Green, Paper 1C0770 

*510 llnoaphareB of planets 

m itnAoep l rov spectbim of the io plasma torus 

OJ. Shares aky (Spare Bciancaa Ineltuta, Ur.lv. 
cf bull ire Ca Ltf ■ , Tuasan Lsboratorlas, Tucson, 
Irlirat *5713) g.R, smith 

Re voyagar 1 *0V spoctnm of tha hot lo plain, 
unu baa been analysed using a uolllaional 
■thi. Tbs estimated affective electron tanpera- 
icn of the c antral danaa region of trio plssau 
Ola ID X. The torus half width number 
ie-JUIes (cm-’i obtained from the mcdel celcu- 
UUca are Oil (50). Oil* 040) , MV C1T). Sll 
'«< 20), Bill (160), 8IV (2201, 6V (ill). Kilt 
(‘5)1. Tbe ralativa oxygan/aulfur number der.sl- 
Um •» rtm/fan ■ o.g. Comparison of tho ntdil 
CiladiUcni with other apactroscoplc cbeorve- 
tlxa that can ha clearly Idantif lad as origins- 
'll lB “(a hot plasma torua stows satlafaatory 
•imast. Hreevsr tho EW observations show 
'Meg xorpho logical dtffarancas with recant 
ir.=4 fataad observations of BU amission 
(“Ugj guast loss renoarning axcltatlw. P«-:W.- 
ICJ and re-Uoi dapondanao of tha observed 
' Jt * eUr ***ioa. The Ion densities lndlcstod 
fttfatw dau analysts show distinct dlffor- 
* llh Hi* la altu Voyager 1 plasma science 
'Uiaitta. 

(• Cwjhys. Res., alua. Paper LA087B 

w?.«25*5S r,a of P1«nees 

di^SS vIrK” com ™ m asmciateb 

PI lout Cent or, 

207711 and K - *■ T ®yi® r 

con£ ent«tions In tho Vcru*. 
i-arsM f Plained by the Pioneer Vomit orb 1 tor 
-~?. C ??MP Ktrw *t*r exhibit a wdulailon 
to the !7-day soldi variation. 

TMal r Trl of lh0 ATPlIludo* of 

to P7°S ‘ C ', 8rid °? * "* th th ® ■"PH- 

::1|! ndi^v? 7 '“ 7 ,lrlat1on In the 10-7 cm 

1 1 f! ° , !I* ? ni1 th ® * lnwl laneous ly measured 

He 11 l3MA > an® Lyman a (10Z6A), 
iiffcti nf w,H>ret,cal analysis of the 
M r*.i r4 i , ?J ar ™ r labll1ty on the ianosphoro 
'US a fn! k UMsptie r e ° r Venus - Th,s analykls 
■CjliMn- ctw * c 'us Ion that tho observed 
to Iht rerUMift dens1tiB5 1s Primarily 

'HtollBK 21 . ,ty ln the 1on, * ,n 9 Euv 

^ ® lessor extent, the 
“ ,th * ol,f activity 
^ via tha variability In 
1,55 in** ttoS er ii Ur f; In 0,15 connection, we 
* hy thB p« rcenta fl 6 
ls 's‘sfrv» l i temperature on Venus 

•vSn l" the J® 181 for a given 
Jt'tffe ttnotoi?! 7 : ,s ? nly hl,f » f exo- 
t *»»s. vir,at,Qn for Earth. 

®*S? 5 S ra 

1 f- *4tv fs* " ™ ATMOSPHERE OF VENUS 

^Urintat PT 'J* lc * Reaeatch Laboratory, 

:,, '«*tU a* u^?! ^ha^, ' °«“nic Sclsnea, 

T *. cv.v,:: , l 1 *;®' *"» ***»!, m abio?) 
n. Ya » “VI A. 1. F. Stewart 

to lh. eap2 °f 'W o*y«on atoms 

! M "I (»o dtf*? 0 '^*'* of v * nul calculated 
f'flirmit . r n '»«rlcal nsehoda. Tha cwd 

[[ u **ori «5 b “ ,#d on 11 2 * a ““« 

“**■ Oli 1 o,(.,,y tu,,on ■Ruecion conaldora- 
■*W*L Ini ud i r,00 **loaticn of molecular 

l* 1 *lih ih, re^t!irh^f eh “ M 02 ,t0 “ le OR? *“ 

*" •«Dtc^S^ Mrogen and oxygen 
,f » «hov tha? ?Sn, COn,U,rBd 1 * he calcula- 
U ths doaiSf, UMCt *“ va raaomblnatlon 
srth.^^. 08 ®- Th* altitude dletrl- 

J’ 1 ‘too e.l eu u t J* 5 '"* 0 “ t0 “ ahovo cha exobass 
hy tha pr~.° ‘J® owparod with treanure- 
‘jWioreu, {whiter Ultraviolet 

g^ ^ c olCBlMed deneltiae show an 
^■MeufStotl”? ® UdUr » «hee obtained by 
„ c tout in ot * rB lergar by a factor of 
h" M *>« oxvll! - ^ Iloi ehat c*“ concanrra- 
S* 4 * ikei ^ ecmpsrabla to or 

' toK., P ipir h.0718 

PUnste 

*“» Cb,r? * i WBR HfflWPHHRlC LAYERS 
S‘ rl £or *** Astronomy . 

H^Wtltsl T ; 3 ‘“Ford CA. 94305) . : 

on ‘ tl ’ n * ,re »* tnc 

^‘"f wcM-epy to for, the 

i^. T i 11 , ^ observed in the 

1*1,'?™ «f BskUoa. ,ro * Bodlu = or ■'>*- 

• Dv tai ateoretoSiHf* orl * ln Injected- i 

FiwLr^*^* eh «». ‘1 oedat to 
p, j! Hw ami i. to'tvatleu o| the La layer, . 

(to I? are? hi i b ° Ut 3 « >5* «-2e”l*^ 

h ^ *®ctosatae of 

to* v*u?? 1 ?^" , «“ l wind speed* may .. • 
•tom .[** «»/res to d ^ lft volocltla* range • 

522 a 70 to 200 m/aac ! 

’ !to uL* rti to>tol iili C “ 4 ' r<n * 8 *“ K • ; 

J e2j5!- .^ *rlL' r V u,{ictent *» • 


65J0 Bom propoctlaa of planets 
TORJB GRAVITY i A HIOH-RESOLmOi NAP 

»■ sifti 

The Dipplar date free ths radio tree Him or in* 
Pioneer Vonus Oibltar (PVO) hava been uxsd In ^ 
«**■>■ » develops* h igWsMhiUon 
rnralutLi^^ 1 tot tonal jotantldl of Vauo, 
repraaonted by ■ central rues enl a surfoca run 

rm«-iev-^ei W iT5S?® pc««lur* lnvokM a Kalman 
IlUer M-other to da tar mini tha otblt of the 

stabll! »d linear Inverter to 
estimate the eurfece mu density, 7he reaultant 

toLtorei«!i P * h !2 h } y correls?Bd “1th the 
E ft S.!"* 1 d ^ lvri Cr ® «» PVO Radar 
Altimet*, data, burner, the e^nitudea of the 

nwm.-reiMf ?| tio ” “ r “ “ nal,Br **“n usuid te 
axpeuted If the topogr>[iiy wire uncanrerMted 

SSri ^Tci^'h- 

taton piece. (Gravity, Voraa, leoeuayi 
J. Geophya. Raa., Bed, Paper 1B0747 

65)0 Grose properties of r (oat. 

THE F-RING QP SATURN 

P. SmoluchiusV.1 (Dsparraont. a[ Aationociy and 
Fhyslti, University rf Taxsi, Au.llo. Texas 787)2 
Ono or the aierillng discoveries rede by the 
voyager Secure riyby is ths ex Lee ante of a .pin 
end tula tsd F-rlng leered outside ol the well 
known A-rlng of this plans! . It l B propped th.l 
Iho twill Is rhe result nf iba action cf Saturn 1 , 
magnetic Hold on charged part idea In tits r-rln«. 

A quantitative argum.nt shows that gull parti- 
cles will bo Jo floe ted away [roa a circular orbit 
maintained br tho larger rsrllclre. The two 
shepherding" small I to. prevent thu snail parti- 
cles rtub bi-lng lost entirely Iron rha ring. 
iSsturn's ring!, magnetic Maid, twisted urbli>|. 
Geophya. Rea. Lott., Paper IL0727 


6510 Dross propertlaa of planets 

THE HAwHETIC FIELD OF JUPITERl A QUIEULlZEb 

INVERSE APPROACH 

J. E ■ t. Connsrnsy (NA3A»Goad*rd 3pma Flight 
Center, Laboratory for EmriLerrestrlal fhyalaa. 
Planetary Hsgastospharsa Brsnan. Oresnbelt, 
Maryland 25771) 

Tbo ast last Ion of planetary magnetic fields 
fren oDiarvatlons of the magnetic field gathered 
along a spaseurafi flyby trajectory la ornlncd 
with tin aid or goneral I xm Inverae teohniquaa. 
with application to the Intarnil magnetic field 
of Jupiter. Hood non- uniqueness remit Ing (rto 
tl,« Halted spstlsl sitent of the ubiervctlona 
and roles on the data la ((pit-rod and quantlti- 
tl«e ostlmatus of the model parresler rssoiutior. 
nrs found. T)is presence of u subeLsniiai nagus- 
tic field of a.larnal origin due to tr,c turrmi 
flowing Ln dm Jovian nagnetoi iao u | v uid to be- 
an Lmpurtant Soircv of error In nsllmataa .-.f t|;c 
internal Jovian (told, and new nodois siplUttly 
in. oryvrat ing thsso current, are propc-au. I.rw 
Internal fluid model] are derived using n.« 
vector he I left m.igni-lofttd «rr ob]*r vatlon." ir) I i.e 
high livid liu.gdlu vbwervailor.v of Hrr.-r.-i II. 
«r..j hnvMrdge ol ire -ii-ii.l .. urrrul if 
yolr.qd fi.wi tin; Pi.uiTvr ig end Vo>a(on i u>. i 

c> • ■um.i s. I J inter , ;.a(,ii.-t ,*dlK . 

J i - I J "-Ivl, n-. ■.■ui.lqur.irt,.. . 

I. i-eupln, Irh.i blur, I’-.per IM*.?* 


6540 Interior of moon 

TIDAL DISSIPATION IN THE MOON 

R. J. Cappdllo, C. C. Counaalman III, R . 

W. King, and I. 1. Shapiro IDupsrtmtnt of 
Earth and Planetary Sclsneon, 

Masaachusstth Inetituts of Technology, 
ramhrldgs, MA 0213)) 

Euler's equations of motion, modified 
to Include elasticity and solid frlctlor,, 
ware used to study the rotation of the 
moon. Two heuristic model* (or ths in- 
elasticity ware conaidaredi Q Indepen- 
dent of frequency, and 0 Inversely pro- 
portional to ths frsqusrcy of the strain 
oscillation. Paranetara in each model 
were estimate-! ty weluned-least-9quar*)s 
fton ulna years of ior.at laser range 

observations. The root-mean-square of 
the p.jStflt range residuals was 19 cm In 
each case. For a strain period of ore 
month , the estimate* of 0 obtained with 
the two models were similar and aurprls- 
Ingly lowr 23 » 6. 

J. Geophya. Res., Bod. Paper 1B0792 

>>575 Surface of planets 

Continental fiftiik and the drigih of beta rmiq, 

VFNRi 

Lvorge k. HcClljl, 5usan J. Suenstiupl, Col Lena 
Rsrioni. and Rotor C. Fanil 

bryarreant of Geology end reugrxphy, Univsnlty 
of Knssacliusetta, AohcrsL, Kiaaachuietca 01043 
^Daparteanl of Earth end Planetary Sciences, Haaa- 
a. I.unotta Inutlture of Tachnalogy, Catoridgt, 

Hoh Iftcliu-I ntt» 02139 

Topographic raa pi hsaad on Plonaer Venua all In- 
ner HugKam that Baca Regis, in slevstad festuia 
cento rsd at !J*N.. 28J"E. , la aoslngou. to domes 
assoc iatod with contlnvsral rift systems cn Earth. 

Till- interpretation Is consistent with ths CO man- 
ly quoted analogy bacwssn the East African rift 
wyetem and rho topography ol ths regian from Bats 
Regis southward co Phoiba Bagla. If Bsts Psglo 
K s dare, major structural uplift of tha crust 
of Vwnui Is Implied, suggesting s more dynsaic 
upper rant Is than would be rba csss If Bats Reglo 
were aliiplv a large volcanic con true!. 

Geophya. Hal. Lett., Papar LLD867 

6575 Surf sci of planers 
EFFECTS OP LATERAL RESOLUTION OH THB 
IDUrriFICATIIlB OF VDLCAHOTECTONIC TB0VINUI 0B 
EARTH AND VOTI8 „ „ , 

Isymand E. Arwldson and Csoffrsy P. Dwlas 
(Dspactaame of Barth and Planetary Sciences and 
HcDonnel L Cmlar for the Bpias Scisneas, 

Vishlngeon Unlvarslty, St. Louis, Missouri ,611 101 
Topographic data sell for tha eoncinaatil 
States and the North P.cllic bare tore d.grad.d 
and dLsplsysd l» cha ISM manner ss the 
Pi one* r-V suu» all lo* tar data tor Vanui. RH“H* 
fnr tha U.8. dua show that th. ^ 

nroganic un. would b. Man as si kroU Will ««* 

. height of 2 ka and a wavelength of Atol »D0 
In individual Itructural attaints within tns 
Cordillera «rs* raducsd tn mild <h.ight .toot TOO 
pi wave length about 500 ka) swells kh« 1,1 
super impost on th. b«sd C ? rdill.r. r ... F« 
th* Pacific dais, the Hawsilan ""I*. ™ 

trending ErKturs. in ths Esatsto „ 

ina rant* in depth aw.y fr« th. Es. 
and ooat i reach. I. tsn *tllk *>• dliESias«- 
v.huslm date do not- .haw th. nC, * r “ , ?J T ' 

5t5c«DlbI. in ths d.ir^ P.ciric d.ts 

isssiiE,” “rss.’yss 

. r 1 ? ■ 

6575 y g& te"*flVT0'Q.75 KICWISSI OF: 
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phase angle In credits from JO to 75 degress. 
Estimates of soil rsriecUnc* st a 5 degree phase 

or 9 th. , WikEn ll | TT th * b,M " d Breen P M *h*nds 

or th* Viking Lanilsr camtras are 0.11 and 0.17. 

ElKSiM 1 S ,,e " UnllM nf »” reflsetanco 
averaged aver ths red channel rano* frun 0.30 In 
0.39. There Is llkile nwd la eall upon 
miner* logical virletlms to explain lh C subtle 
color rerlallms exposed al the landing silos. 
Rather, brightness md color variations within 
“f. “j 1 ein he corrolalftd with pirticlo slie, 
with ringr-gralned so II bring brlghlep and rrddor 
khan coarsor- grained soil. Hhen compared lo 
Earth-based reflectance data, the sail at ih» 
Viking 1 site Is masl like Hart Ian bright areas. 
Such a result Is consistent with Ihe Lander soil 
being part or a globally honoqmlro.j soil unit. 
lHars, photometry, spectral properties. Viking) 

J. Geophya, Raa,, Rai, Paper 1B0591 
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EADC0KETRIC PERFORMANCE OF THE VOYAGER CAMERAS 
G.E. Dsnlsliun (M/3 170-25, California Inslliiitm 
of Technology, Paaadins, CA 91)21) P.N. 

Kupfarnu, T.V. Johnson, L.A. FuJorbl-o 
Tho Voyager Ituglng Exyarlecm provided high 
quality dare of Juplier and iho Oslllc.in asiol- 

lllas ulth the two flyby irs)eciorirs Ir, Hire!, 
and July nf 1979. Tiodsrstely tcrutnr radlft- 
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mslrle measurements bsve b»»n mis using Chcnn 
dels. This pspor svaluais* th* rsdfoeoirfe 
results end dascribss ihe inflight and ground 
gc-imoirlc and rsdioaclllc currrctlon factors, 
Ths radlomslrlc quimlifrs of tnleniHr, I and 
gsosmirlc albedo, f/F arc derived and ic*ling 
faclorn Tor sscli nf tho fllirra are lahulnrrd 
For c-r reccing ihe "cal lira led" date from the 
loan* Fru.-ossl-ng Lab.iralory vl J PI.. In ft.fdi- 
tlon tlm I my ch ir J-- rer lot I cn cf hw, (Si V,. yager I 

and Vnyagnr 2 caccrus arc labulncsd. (Psdln- 
■rlry. ph" i n r « t ry , Vcv.igvx rarwrss). 

I. Geophya, sna.. Bed, Paper IBQ9M 


6591 Ccnorsl or nlscallsncouw 

THE OR I mil OF KICTDSCOPIC PIA'-F.IARY HINT. PARflClES 
J. F. Bates (Hanford Engineering Daiclopaenc tab- 
rrwtory , P. O. Rot 1970. W/A-6i, Rlcht.ini. 
Vaihlngu-n H9392) 

Tho nlcrulioplc [-lsnoiory ring part felon around 
Jupiter are p--.«sih1y ch* result ,vf Lnt.irn ,1 v„ld 
ferution an] fru-turo of initially Lamar p.ir- 
(tclss. Ihn vuld la rave Ion is Chaught C" be cha 
mule of hlqh clsciron and proton llui-ncuu 
at reined by iho pari Ulus during HicLr I if* tinea 
In orb lb. The constsni fr rod let Inn produces 
dafccs spiclt] vhl,h cpalestu lu fora voids, 
which provide fracture pniha for lh* parricioa. 
Gtophye, P.na. LhU , , Paper 11.0301 
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6505 Bc-I, Waves 

hifff-oimensim-ial vn-« m xi.rwi n-. is ihf m-vi x 
CRUST STAR SOCMRfl, hkU MLlliO 
R. H. U.irJ ‘ r-cjurt E ni nf f.n-n. Iin.c, Mew 
IniLllu'e of Mining in.| T<-,l.n.,|..t.-. ••! t.-, |, v w 

Hox In-, h;«01i 

J. V, Sc ii I u, and A. F. S.,nIftrJ 
262 F-vsvi- arrival Mn«a atx„-. laiv-i wici, 
lacnl *vcnu ftbrelhvil Treft i o'.-il-U irrn --.I -,■ 
lo wighi nb<ri-r*rt.-4 iBlvr.igr4[-hi v i. 

Jotwrnlnv hypoc>n|,n1 pinn-irra .ir-l m .1. 
ihrcs-JIranslr-nal fvltnlc Vrl.-cli. n J,-l >" ■!.- 
Flo urandu rlfl ran,, nor S--«-rr,-. v w.-il.-,. 

The Inltljl J,rr;;i to t>, J. I l1„u J ,i , 1 1 .0 

In 4 repr.iant ar Ivl- h.ilf-tyje, n . - 1 i . , 

0.0: '1 a.d. 1 Sa ac lsuth.il .. 1 U . (r. 

lot Ion un (ftuftd li, il v,a tl(nl||rni 1 llll- ran' 
fren Ilia- tulf-spact telull.-ft. [he tr>- a wja rlim 
subdivided a( Jrplh i- lal in I tm --- Sl.jcVs a-na— 
lenlh of a dogrwa on 1 ilje. lh.- result Ing snda-l 
Shovrd IHU a 7-lecl in t5r |,.w.-r |j-,-,-r arP r . , «l“ 
uirli I 1 >• .- <• ••■ . ,, ■• . r . . 

l«tll-. -f 5. 1 • • ■■ I ■! ■ ,r . a .t- izf 

arc lr<> than Iht- l,-i) I -s; -..-I- li --thor 
bleckr had rcallwr. t-.,t ■till ulgr.l'lc.-in' . in i-.- 
allci, relative (a ihe hilf--,r.ica velc-lt.. II 

[-rofartad uq-Iiinat l-.-n for the ant callus! , I., .-a- 
leclty la that this area ra-presco'i , alee c-l 
rugcuclL Iniru-ilen liu-i the aPF«r .r-,»c ( 1—10 ,-■( 
deep i . O-D, valeclc;. uonlln, u,'[wr pul, 

Sorer >-)! 

Geophya. Res. Lell., Papar 110599 
6405 6«Jy «,av*» 

AhQWLCUk SHEAR NAVE DELAYS AND SURFACE NAVE 
VELOCITIES AT TELLCNlKM PARA, kTOHING 
R.G. Daniel ind O.N. Boor* (Gtophyi lei Dcsl., 
Stanford Unlverllly; rOx Al U.5. Gao log led 
Survey, 3*5 MlddleTleld Roll, Hall Stop 77, 

Menlo Park CA 9*025} 

la Invaitlgate Ihe effects of e geothermal ire* 
on the propagation cf Interned late -par tod (l-30l) 
taletiltnlc body warn and lurfacc wave*, a 
specially deilgntd portable Htooi'ip* iyitem 
•19 operated In Telloxilone Caldera, faycning. 
Travel lire reilduali, ritallve lo I Italian 
autilde Ihe caldera, of up to 2 t for 

coxfrelslonil phi in are 1 n agreement w 1 th 

ihork-perlod reilduali lor P phaiei me i lured by 
other Inveitigatari. Tritel-Ume Mllyi lor 
ihair irrlveli In the lnlfr*edlale-p«r1od band 
rang* from 2 s to 9 1 and decreale with 
incrsailng dl/dA. Hteiured Rayleigh wive phase 
yalocillei are enreeely ltw, ringing from 3.2 
to/t at 27 I period Id 2.0 km/« It 7 I parted; 
(he eillnated uicerialnty iisoelated with than 
viluei II IS percent. 

He propoie * rode) (or compreii tonal ird Shear 
velocities and Poisson's ratio btreath the 

lei lovs tore caldera which IHs the telesels«1c 
body and surface wave dale; tt consMIs of a 
highly anara l ous cruil with an average Iftcv 
velocity of 3.0 tw/s overlying an upper mantle 
with iverag* velocity or 4.1 km/l. The Mgh 
average value of Polssen's ratio tn the crust 
(.34) suggests the presence of fluids there; 
Poisson's ratio In the mantle between 40 and 
approximately 200 Im 1| more nearly normal ( .791 
than In the crust. A dlserepincy between normal 
values ol Poisson's ratio In the crust calculated 
from Short-period data and high values calculated 
from, tetneisnlc data can be resolved by 
postulating a viiuellltie cruslil medal with 
frequency-dependent Shear vtloc lty and 

attenuation. 

{Shear waves, surface wives, magta, Yellowstone) 

J, C sophy a. Rs*,, Rod, Paper 1RQ862 

6905 ledv vavaa 

HIGH FREQUENCY PH.’R FH-tSk* RFr«M)*i> BY "l« 

im SFISMOHOEI18 «W Till G.T.-4 n.UL 

C. S. HcCrsafv (Hawaii Instil, itw ,«t (iupbnL-s, 

2525 Gerrss Road, Honolulu. Hawaii 9tod2» 

Dili from ocean touon s,-in»Met-ii* Iwalrt 
on ths Coras plate lodlcsl* thnl l,li|l,-tl*lwii i , 
Pn,Sn phsisa sru genvratvi t.v uaiihq.takc* dlnng 
ihs subdue ting Margin nl llul jUsiv and sra 
propaiiO*^ ooeois lha plate. The Sn paw 
ippaafa [a ha sgrmrelv *Llpnuared n H 
sppeosetos the rldgs crest. UtinSln or rh 
vslocllv sis luwsf than preview. rallMirs for 
wist'arh Pacific path*, which msv InSlemrvj 
relit lonahlp bstwnr* Fn.So relocUr jrd 1 lito- 
nharic age. High Irsquanelsa found I" these 

ftbssei autgaii tk«‘ 0 r «> r FtoR«Mtlon 
gem* th* coco* plot* Is.oimllof -lo ihoi for 

the wsatsen PsciriC. (Hlah-freguincv To.Sn, 
Gtt^ys^Ma'. Lett,, Paper 1L010I 

e«0 Free diet nations (periods less thin 12 hours ‘ 

structure op ihe i*«* h»e wrtmo run obsewa- 

T10H5 OF IIS SFriEROIDM. ^ WPf* 


- piuriltli Scrlpp* Imktftuttonof i pt.in0|rtph„ 

llnl varsity of Cal|fornl»,.la Jolla, CA* and 
: Freest* Gilbert • ,• . . 


Spkffotdal ifill of elaStl c-or»d Itatlonil osctl - 
latloR that hart an energy parti lion dtolnated by 
Ihur energy in'Ue tone/ core. art called e6r» 

: jKcrdUgs fwi the I0A gravlmbier network 

an earthquake In the Tonga region on June- 22 , 
1977 n »wa provided the first uniahlguaui 

.tost. INiv egnclullvely show that. 


JI lew Irv-iueriCli*-. , t>-s irnrr lop* «!•, i 

0 J50'T) Ih.-,( also >iqhli, r.in.t 

ri>ln of I h* inftwr ,„>* rsllir. t, t"- 
vel'.'Cil, to tl- IIS! aim J1 >an> *rr 1 1 1. T , 
I, ■ « . H . I..JL I . , I'li-.-l LI • l. . F 1 


ciFE'lwrafsi : i n r* : £ .- -r r»i w*--rm - 

:ei m -■’.t-TMtHi-.a'. i'Ff"4 » 

JLOftf F. fi-lla'i it,, ■ - [ I • v, rr-i. , 
i.. rs-tl-r.a. :» ,«• ' j- - ...--• . 

tr- f-.-I) «;r,p IS[. •- I >- •• .11 «[--■■ 
■I, S« I Sft ? - I ■ rft i - , I ,- .r i • , .. •••- .- • 

’• t IV "11*51. - -l-,ri,. d 1-, r ,, r , . ... 

nr 1 - .fi.ur- -f r. .,. . (•..;• - .... 

•fflftH.n r - ; ■ 1 1 4 -. • 

il" ll-i I . ■ • *.( -i ■•.!.••• r 

gr.fSlr, ..I . II- *1 f r . ,, . , 

V.*r.r*. fre- 'r.j- i'.-m-j. '"r.. , . - 

i.ii* Owen -ir»u: 

-• « I Lcrig-trrr -^l 5- :i . -, ,. ,. - .. . 

nf E ear i.i t* rr|j!,.| ir* jr ,, r 

JafcrsaLljn c-f rj-O-X* "i :er jlr-aj C',--, 

'<■ 8 -«IS“I • ».«-> 7 -r, .*«>- i- i - 

r-ls'. 4 J • i- . •.-• •- ,• 

ara ar--aii«5 >n-.- •. . • 

9'sar lispls wr«r.». tvf;rc ar nr:,;,,.. 

i,'* Ar.ftslOua -r.irges ,r. 
if gr.;-.r Jwal-r jrl {r.* varsyw or (II-S fr:.- -r- 
gr.;-jr I BCpvjr tv ulul'. frin p;-h In • ,r 
whicr, ufen* ,.y fi'hwsjra fyr the upwari rlgrati:- 
or wn'.er fr;n -i*ef. c--.nfir*J a.|uir«rj, *r j t:- 
tr.v war J rlgrsxlcr cf d»s»s frc-. ’r.e sr.-prr 

tr ,il . 

1 J> 'Ire-lcsl rmssllcft* j-j |r:r*is:rg 

»ir*s* In tr» *p;c«n'rsi rcg|;n rat r ,.■*•, It | r ir- 
ar.:-ftilcus er.engns in crenical i.-fasssl-r cf 
grid- ]w|>sr cbs»r«*i cef. -* *:-• '..srse 

nmrlfq.ibs*. sEertr.qjsvr ;*-?!-■. lor.. -4::*. 
naUlTrlrg, g*svr,»m:al u-ltr-tr.pS. 

Gscphyn. Fa*. Lnc„ Payer ILtillO 

ItvivSj.va rul.lltJ [4 wXILliquikw peedteti--, 

X 5EAF-:« F-J* fVJ-VAPl A'.'JE AI'.AO iCISTMCC Efl . ‘~OL'll- 
WXIIA C^rfrsiRY. r. - :& kLw'J*iiuATSR ’.U>2 , l II. fiVTii- 
EM CAUfC-<;il4 

D. £. H4=c.R!, T. L. Ter.*. L. 51*11 wr -lnd 
dwrif.-j, 1. 1 I. Depart *.•:,! ef 'V-ilojlc al $:l«:,ei, 
flatter J it. r Jl sJ-ltlier., CwllfcmlJ, U'S 7,-.:e(i ,, 

1 1 ornls vJO'Jfl 

Sv.wrnl veils xad sprlngu riwac nict’i faultn in 
a.utli’n Cxllfurrls U.v rcei r,:iiU'rjJ I ie th* 
ivutni rule* oi Fi f , i. + , .*’g* : , j.-.J Ci” fur 
pwrl-'-dt of up 2t r^nilaa. In ir. effort t* xe* 

If iuv o( iht«* wdnarlruwaca sliou wjrlaLlcna 

Which SJf b* re-1 at ft J id stLnlc dCLivlty or 
rnvlr.'irsenia) ptob.<=was. A f»u at ll.mrr iius 
liJ'.V limn alplflcui 1 Lucluitt-ftn x. 

Das xle* In th'- Sjn GxbriwI ILi-wnialna h.ai sh-'.-i 
relatively high ril-n tn triu uxx.r jil Set c.ids.i 
In ire winter, jppxrantlv futlrwlpc ih, ,i ,isal 
praclpic JCIftn xj.-lir. K-.vwi.vr. LMt alt, nhrared 
ivi currt-ipvoding In its cr.itafc.((e. v 

tr:,r.d ale* pvxr 2rij5.u,.i J, rAiir-ptrvIm iiu 
sn mn.Tuil evclm n li» cheol.al ca; "tuirn, huL 
sLjwe n-5 , ),*!->£.■ 1.1 rsik-n. Ton day a prl-.t Ci ri -, 
8>i Seir PxrihiujVi: |H • 4,91, hi" ka Ie tl.* ,‘ML, 
.•-a laaplv tr.ia mis slto mh*<B,d x iuT incxs.ih* 

In isj.-n, but on khirg* la rhvalsirv. A IhirJ 
■ It*, 2G Rs porih of >Rc iilitu > *rir.q. ,V, (H -. 
9.0) sT.-avd rsdr 1 vitIjiiji ranging frra 0.4 to 
4 lines ch* n.-nrsl {■■".■ aft Lracl.wi f.ir iwo rentlia 
pik-.'a-dlng and iw* amthn f.ilUwing [hr 
th' kUnlslry at lhls sir* did i,--t rh.n gw, 

Vlliiln chit aiuJy arcs, cairn appkarm tr in- 
hibit wn-.-owl.-ui variation* wkshiu »A-iji t v us „* 
ktl.sirivrn ,-f ixprnJIni xacilH-iskva. Ihn srrfcv 
nln ciw.i| Ip * 1 hr iv 1igp4.Lv has n»l brrn clo, 1- 
-JsCv-J, tm J.-ii iwt inttuk-nen ihw rinp-alilvn 
Iftl-.'ll.wil t.-i>|,- c-Lilllu«i|U. GrPWBdWafvr I.ll-.l 
; ,-ii.enit dtlons me/ alsm rwfUki vwrlaclk.ift in 
ptcdlpi Ini I m but dii Dftt ippnar in ruCJnct vari- 
orums In nlnxsptoHx prwssur*. Data fc.-r. 

■prlmgv wir kpnilairnl with a fts-Je 1 in whl.-h 
iiailc const liuints am (wnrrullnd bp rr.icru-nn 
In th* a, ill xi,n,> and indrwi i.un, riitfxiL.-nv .tee 
CoftCre! led by flow isles In tips aqui Ewr. 
uMphy*. Mo, Loti., Pspoe l(OS5a 

47*0 Phnuesres reluM to asvthqiisvp priillirion 
FPfLIMIkAJir 'FirTFAL AlfkLTSt.q tiF WEIR-mPRl.-lIHF 
rapiu oaTA 

M.H. Harder, hill lU.K. Kallrgg Rh.]. lab.. r.l|l|'R, 
roudsnn, k* gitrtl H.H. Sh.-ipM-p. J.p. M*]vin, 
srd T.4. Tc-wtrrltCi 

Fast Fovrisr mnstili* i<r «n* nom-.t-rsl-llA* 
r«Jp" dors rotlHlsd ainc-m 1972 by inm rolPmrii 
•4tJ*il«4 riJoa-ihirm iwitterii-g oyntrsi r>s b**n 
ravrlmd hut in erdsr *3 dstvrmlns if *ny 
r Kara cirri stir rraquHicy 4«*pijn*ntv arm grttvnt 
inn s*n br aes?:lmtr3 mltliwr Mltb preruraj'n lo 
Ohltnlelty «r • wish irivIruranrAll fnlpra, 
Prrllmlniry rmoullj Ir-alcstr (hat during "quint* 
pertodm With low *mimicity •*^4 ng rainfall «,* 
■ptotra) powar ig dlptr it,u|.r] ss 7/f . pafora Tcur 
locol cirlhqwxwai a dsparlJra from thin 1/f 
bvhsvicr WAS ot-i*--**a at low rrequrnsy. During 
psrlad* cT Fifaay rainfall «ri lp;reiw In kwtJi low 
■rJ Mgh frequency power .was ftbftvrVrO. «i*‘ 
spcJirsl power nf 'Jr ■ isrga radon wnemMy 
obivrur-j prior in tar Gctcfcwr 15, 1173 Infer Is). 
Vallry rorlhqunlie wig ; four.t lo Finvo O l/f 
dlitrlbutkcn put with p.wnr al all f-rc»nncl*a 
BOJwi. Four tiros prank nr 19, an lhs| l-T data frwn 
mquiec* prriMs. iEsrthqur.l** predict! -so, rao*n- 

n-*i!tr*lne. »p# = tral annlygial. ' 

Graphya. Raa. I. etc.. Paper .110700 
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rh.nr.-.ana feint .- 1 tv. r.irll.quohe rrrJlcrlon 
“'WIW *'VtSTPAlH<.-4 AVI. Mjf # f;jvm 

MH' 1 ' I" 1 fAI.7F-.5Sii,. 7 ATI D rPAnuTIfATIg AS 
»*'■ J « IBt C MRlH-.’.'ARF mift »',.rs 

?■!*; l^-rlrp* r«»l lf.it Ivin ,.f n.eAn.hKMl.v, 

5-<HU, In l.'ll.l, 1 jLlf.lnla 

In "|J« tv> 3-tnt4i II. tit 1 1 It v <1 „i«n|i. , |p,<. 
** *I“IJ I i-irilir 4i- nr. 
iiseulun r..nrrnirjlS»r.. -ir.-i ; * ■(.•/• *"i> ^Lllvlr, 
racist tnve I ■.■nlt..| %l | , „ * ,r hr- 

r..nthly train In vrlri |rn-i .V, W J|, „,| ,.. r 

*“h iilli.-i.il.. tn-ili fmi>. *. . 

I'canli.i ni m I 1...1 -.utv It- -1 92 {-pt »r 

In linn r* ni .ni r .,i im;* .n »».-■ Mi. 14 , lulu 1 ,.,l 1 

|f> R.l ppb II I.iVo ll.ipl.ri lu ll ,n ti... j„. 

drrnn Ia.li in rhr> 1 -nirHln .irwv. - 

“-irv fTt-i i«.M« nf %.,« ■ 1 1 | e ,,[, 
Sprln|v an th« tin inure la.le e- 5.4 at Nil.nl 
alrt wall on tie Mn IMic.i, fn-ilt in l hr lc, (r - 
Ut Villi/. Tl.wra wj-, or,- Urpo nirrhg.iata m 
tha atuir aren duTlnx Im, tap Is rVtolci II in 
K-6.6 Inp»i lei V«]lt f r-.rih; i il ... rorrvl-ilrd 
ulih thle .--.rut, uu.il-j-. cnnccnirnt |r-ni vurlel 
Ikv ■ finer or norm tlun M <in! a-.ilvir. ratios 
a rift Of uf i nt el.a M Inn J S|nt i||«, about 
in from the opUmter. At IF.- othur nitnn 
■orvicoic-J, urnnl-a . on.:cntratli>ni .nuj in tin,, 
but with n-> apt itnnt ranern, «MI* until. r, 

■ ttlviir tit It. cc ■ I nr 1 ni»iuii« irnnrant 
(ntouRF-eut ti.s ronjt.irtr .1 pirUd. <Eir».r- |U qhw 
F red let I, n, ”*Eff» 'U ». tlvli, rail... I, 

Uaopltya. H«,. |p tlli p Jfcr J, r . lw 

1110 I nr...- onus retard |. earlliquAta ysrJIeC ton 

irviiiic Amir, in muicmujHiKT mmiRtsi 
inni [fioiurioi tw m kkv iiEUirts island arc 

Hltfcaal Nila (Uepiriae.ii of Caolcglcal 
s.- Iin.i*. C-itnaL t University, lrliaoA, NY 14659) 
it-l It jin r. Is auks 

TW.. b«n:Nnrk amyl lacatiJ on Ita lalsn. 1 i at 
Smto ni flat, la l»i Raw Hebrides Island Acc 
r«v* N«r rilivilfd 2 to * ilisi per year durlri 
iba pan (Ur ,ini (1-919-19401. Rach »riy la 
tbaiahjr uirJ t» a aulllcoa[-7ntBe tlltaatri. Hi# 

****** ■*• locitif olihln 11.19 ka or IT.* 

■otirplitr thiuit una of cnla camarRiit glaia 
b<Ju>i-Jaiy. h<ti axrmy haa in ipartnra of about I 
ha and m Ufitlon caaiilnl laill i.b-liti)i 
oltfl iriri urn of about »□ a. fi.li 
ccntfgufiil'uo laiJa In ■ rnulvlna ponr (foi 
***** "* abtul ana aleroraJIan. Pia anil 

Cac-ictiai mull of chla iiwiy U Ihai, n ihi 
Dailli r.lai uray on Hits tilmJ. ilaia Mi 
bam a Miilm.il lltttn« down ..{ ihcul f|wa 

al-tdtlJKm IQ S dlitrtlon f.b-jirilUI In Ihfl 

aiclht of 111 IK, nil tilt inj Ii claailv 
raaoUii b..ih iha lirti may and if cha 
■•all t|iitura aob-airayi. 1 M nbictvniona aca 
a«'.i«nif4 lot bi a rvablnai Inn of plinr tilling 
•r.d rindna acioe v. rslsitnt with tTia ebaacv*] 
aStcIciatia. AUho-i|h tilting u rlairly 
utihllir-fl at tha Darllt r.iipt aiiajr, It la not 
F-mlbli ai thla atiga is aataKlla*i a unliua 
ciuai hi tha obaaivt-l tut. r^pathnai 
toaalaiari with tho tetanic aattlrg [nclu-lr 
lor irisiini- attain ifcimlatl'in saa-iclatai with 
J 1 * «*'«bT<*b* crla al IraJIrg aid Intriolm 
bo.ndatY t.ptuta, darimiMnni naar a trim it ion 
talwin a ctrapirg , rJ , i.-.kaj ar*aant of iha 
Intaiptat. b-aidatf, arl na.r ,„r|nea 
d>(.'iiillgci itiuclaitj tltli at|i.ith Itllwltw 
arvl/ox H-vk t- |. IIg ii ala, raflacirj In |f. a 

piltatn si Mulling of abr uplirtv-l r,|s..ana 
• uial taiii ti. «i iha ikjpI array it hiu.| 
<-a.it., Iil.n-lt „n cm erarJ clatrl* ae« R .a 

«*l«* laaal. >w.l(. Ur, cuiylnnlly 

■ tgntl Irani C ||| air-,, al -.a proali In amh ra>( 

laiga narir-i'iikaa h„rli,j i B 

nortii si Hi may. At Ih. lata ad array iT., 

gc.uiij silaa final! o>ynl.r B ii. aM.atl.o 

f * rl laalabll Mil 

c-ntrlbi:'. to ml lujl < al,:» E B , Bu . :h ,{[. 

, ***'*bf dfgciiira II. 

IM a.Jf.i'" 5 K 5 * Dt **** algesia. 

V-<- aifl.rir,-# baruon i‘,» , w . Jrf , yl , , 

ux " ,z% ,J "»*’• *” 

!r:.;....i.!; e i f , , ^:;i 1 - Iih 

Ml.. I. I, p. 1F , r isj..,, 


* ,4) i' :■=-» **'*'^* l“ »irtl I'liVo f.i-lMtuo 

l/' 11 ';':'; , r hr--.v««,-* rsxs. *.s..wius wiih 

VI- Ll f.a£«TER Mi.'E-A'l E'.Mr ,.iji 
T '’»- **- ?-*«=« .-i Ji»-. -i.i,,, 

, , *-'l--i*-:al Mi-mi, Lni.drsllv of 

.... - n --HU i-.lt, is a-,,!,,. Culll-.mM 9 WO' 

'M: ,Vf ' ral s»«-a*i*a 

. 5 “^ '-* Ue - rTl * >-«'«■• zinnia 

s.et*1a.l>..< if tMn*. , ,, Jt -y Ja .„ t 14 .., c , #ltal 

Wl.h - :-jtra-.:ai .f ncnl r e j nt.--, uj>aa . Sto-s 

WI.II. 1-.ji.-l In l»J., cTir-e calm n-. 3( ll„ 

*'* t* »u 1 |..|..--if pfjaty IClisIc 

‘ ■* r - * **"*• ware oii ilauJ uten 

hit [r , taltj-v :rlor i- .ha leliclaiv, 

gr._-...i:ar i-i’m at mu <!«■• t t* *trL-';tiir 

/*:!. S' T * 1 l- * ‘ e»» ao.tftl iMiiiri 

Vl. 1 l.lcr-, iM the laf.-ra tl-w ||a | IJr 

fltt-ji/M tf Jjn» 37. JS- 1 119-1.91. ta t rr. an-aill*. 
**” ** lh "» ”«Vf £:nltcrl3g alee. r r .-unj- 

e “ , i ,c J! r* bIc « na »* * f * i. 

vail ai Mltlii •-.■:--illai M:h prior to nni foil *- 

I. g t .a authutta. A riio stc-jrrrJ a: a 

ciJit-r astlcg trtsi t. tl^ fall KK Fjledal* tvira- 
.--a ibi*rv*d F.ti.n In ilallac tp pra-aamiaUn 


J'l.W.rt frlltfi to .HI 1 -, lie 7 roJl.-ll .-5 
a 1 .-) J.«>v.2’a e-..^|rA. ( I-IIJI. j.,|, 

i:s. •.%:■. Ilf Pi- -->»UA1 MTI1TI. AV-J Iv-.- 

*- tT "■* * S!r l>;t *nit. of -ir a:.*. 1 . 0 . 

ia '.-Hi. it. ■ ij 

*'■ f J ** d* !S* «»J ■-<• 11 .- --nl«ji|ra 

;"* ,0J *■* MMll.Jia ;>*!acl Ii 1 nt.dlr. In 
• ilUj t T.!a, r --r. cr>r.!l-r, 0[ 
li ^p. p.jvi Lira mi ,r*i iImv| |h.. 

• ■••I f. It r--e, lr.-l.llna t * ir«. 

fj'l -- ua. tr 0 -, lln . lnfj .. 

J, ".‘'J * CC •#■ tJtl. *. oa . c ;i it fcJ1 . . 

>rli-:t*A «tt,a io ei,-.tr. a ,-,| f llr ,^' 

•U:r.s (all. wi.t.Mfatlcr .,y* j >r I ■ 0 •?..-( |no 

l“- :1 tul.i *.c..;rtil -a; r, in t - a . 1 - 

1,1 •** »" ■"•■««» IfJln. Call s If. eli ,|r. 
i;si iall. !, 1 .Tiers -ii ni,.:i|..i, it|, t „ jp, 
e'ap 1 . l-.l l-s, .alii a r .e , Ii t.- r , 13 ,, l„ a ,. 

■-I'l-.a.- 1,-11111 J.-..I ti-p.i-ai .trim P1 ,,, 

**'•-1 1 : .-ojiir t,f-n it -1 t . m.io.i 

l-r ri.:,u.ijl| n a.il .11 pall.v Hr,. 1 1, , |.| 

J l-A f..J .ll-., I- Ufa., .h.t 

IS.., ...... rail 1 In it.- „ ,a T.., 

■l (in it. . If. a ... avi, st 

-Ill trl • I'llll: -laf .all. r 1 1 1 .. 1 j.vlfi, 

-I il 1-1 : IS!. *) 111". . ■ 1 - , 

*';• -M-’- nr-a. ile.it ai • Ho. 

"** * •* -‘.ilfi Mil in i^ n . a* 

tra-l , tl„ ».r,.f r,.je,,|„ p tr . , f .j. t , fc . 

Mj 1. •••■'!• - 11 . It IP e S IS I-.SI y.l 1 Is 1 ir r-lti-s 

l" .1 VIV --..*1. I 1 | e|| . p .| T..* r-.miill, 

»!" *•’. -'il-lf “JI1--1 l> ,ri-,l-T. 1r,.f.,| 

”*■"*•«. - *v«- f V.I.. , |«. .Jtrt 

. —I. n.a Hit., era III .s|l, H . 

'. fr a II --»•_ 1 1 1 - ., ii'ai.inin, 

i, ‘! =• «'-i« tblll-r-lal. 

I a •* 1*^1 I 


«in Altaic toarria rafthailiat, aA«a|iu*a, Ira- 

t'ljncy menu, ipae* ail ilaa HslrDniinl 

rottiiu Htiajin ncutin ww m mnn 
moriMt mn nmiT 

H.O.IIarnd' and 9. Rat« (liallM da nyalaua A, 

Clptaa Uhiiialn da Caeihytlioa nadise. A In. 

* **!>««i WMO laUl-Kaua-dat-rMlai. 

triuat now an IrlUih Munlnaa Con Mat. m- 
*“*« »"««i ***** lata, Idadan, KfT M, 
era it irtutal. 

«h Ian obati nd 11 UMliU ■Inatla* af atlc 
alt •••»«» iIhi ih« hull Atlantic. Ildfa | m 
A> Kayag ItMsd la tba Ai*fii aal (astwardf. ca- 
ialattiat la iha Jaiga «anh|Baha aib* aaeaclaiad 
•limbMii la ih Derlaia mi am (a mt. n, . 
■I trill Nt ti lac fly la about Kl* at lacltada t a I 
la 13 iMikj, ihn 1 u 10 ka/dty. Tiati m 
aaraalfaad data ihn tha aracatta* to ha 
atatlatffdUy rlgadf leant vfih a t-ttatlfilt 
<**• »•> aftaeahocla, twttaa. etc... 
oceurrtna in an ara*. w* talltra ikia «» iba 
Rlrat rarer tad aan*t«ubkr alcratlan aloig a 


■ prra.llnj rlAao ijhop, and rna el the first «lth 
(Kb hi lb velfi.-n lea. Vt hyp.'itheili* that tha 
"Ifrallon ro B |d Insulv* er**p nitration alma 
1 rang Inin laulla, line* phru-T-nena with salnelllal 
A* lilyh an this Inn Involved creep el sea 
atrlta-allp fa.ilra- f farrli juiio nlarallon, 

Hemain FilT.iyp, pinto lainHary, rmpl , 

J. Pen., PnJ, Paper 1B01J8 


M ',11 fui-.nli- riiurtci 

hiAP-mirt M'vrAi r it-rmNi iacitit bir radiation 
IWI A ST rP'POMf "V ARBITRARY SKAPr 
•lolin f. Harris (n-carrt leal and Appl lad Kachinlca, 
I'nlurmltl- of 1 1 1 IrvXo . Urbina. Mllnsll A 1 8011 , 

J. Ii. Achonharli ( roehnolog Ir *1 Inst I turn. Morth- 
wviitrcn l-nlvprslt,, Evanston, IltlraJn, 10201) 

A ra< eoth.id Is ueej 10 ralculata tha pnar-riold 
tnuind iciiltrillos eielreri by Hiding on a fault 
pMnn. The eliding action Is rodclad by a propa- 
astLng Hcje-II crack. Tha c rucV la planar and 
It has an edge of arbltxarv but aomth curvatura. 
Altent lcn la fpcussJ upon ch* mi In which the 
nxptndlng crack abruptly chanprs (la rata al 
growth 10 a n lower ora. Thle change In propaga- 
tion ifeid rauiri a Surat of wove melon fo be 
cull ted. Tho Incoractlnn of tha hlgh-fraquancy 
tor wavefront I pan "t the nlttad accalaratlon 
pul to with the free uuefaca la atudlad. The oaar- 
f le Id, where bode uawaa donlnace tha wavs notion 
at Ihe aurfaca, la csnaldarad In i«a daiall. 

Ml Ip-tone, ray not lad. Surface nit Ion, near- 
flrldl. 

I. Canphya. Paa., Red, Papar 1B0MI 
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T1IR lEPHL'CI RARTRIH'UE OP KARC*K 14. I97 Bi 
A SKNIIICAVT OCEANIC I NT UP LATE E9EKT 
C. S. Stewate, (!>aIlMls|lcal lalorutry, 
California Inatltura of Technology, Eaiajrna. 
Caliroinla 91 1131 D. V. UaMbarger 

The Ba raudi earthquake (H - fc> occurred near 
the Waaterly ei ten Hot or tha Pane fracture Zoo* 
roughly ua la aoullwaat uf tba Inland of 
Barauda. It la cm of tha latgaat oceanic 
Int capiat a aarthquakra la oceur off Iha eaicara 
eoaat or North Ante lea. Barauia ol Ita (lie and 
lOMLIoa, It haa ptovldad an aacallenl sot of 
HUSSM I-oly wave*. Thay caa bo used eo Infer lt( 
depth and faulting pa electors gy vise fora 
Udallng taChnlquaa. Tba raaulta lodlcata * 
oorlh-nonlwait alrlllrg Ehrual aa than Ha 

(■trlla - a ICftl, dip - *1°NR. talc a «“> W ||h 

rh* hypocanrrr I of 1 ted at ■ depth of 11 ka, which 
fot an orranlc emit placaa It prolminamlv In 
the aaallf ■ Ho auanl had a aaltilr Hunt of 
1.4 a 10 dyna-ra and Ira tine history was 
■-•dated with a aynoetrle trapatoldal Haa 
function 1 aorondt In durstlcn, Tha 

mrth-rorthssot slrlka ol tha ovent Is In aeod 
npreeasat with the tMihysetrv of thi aria, the 
ap I comer being close to iha aeuthveitam idea of 

tho The strike of (be event Is 

also elort le lh« of the Inferred ettrnslone el 
rha praaent rldgo fracture innea In the region. 
Tr-* praaenre ef such fracture unui Ii indicative 
"f local Utah fv-nea in thu llthoiphere. Tb* 

ferc.ds rtitbquaha nut IMolv In aasoclatrl with 
one .if rha so zonsa of se.ikneas nnd Is the ruauli 
of the applies! Iru of prrsant day atrtsa lopoaed 
"0 the rcjrli.n by Iho North Aaorlcan plate In ihe 
JlroiriMi of ita ihsoluia nation. Ihlc la on 
!aj"rrani ovine in teres of undaraeamllnc and 
astir ittop iplqnl* l.ifard on tha aaairrn >rjhnard 
"f Rutih Aserlca. (Acrauds. Inttiploia, 
e-irtbjuik*. r ar.i c oters, oceanic, css tarn 

M,i4rn ,f,r,h 

I. 'V.ip'ijra. Rnn., Rl-J, Papar 180745 


fravan? 1 ? 1 ' . •Mipiltada. 

™ . 0I "1 'iw dlstrlku'lnn' 

hi^h .. .Il'llL'r-S!;" m«owrarcin 

v pnrM .-- ,u1? J t S2 ,K lr,rM * LK ' WIN9UTI09 
1,1 1 NUBILITY '. RANT TIC R.;,CE= 
■APIs fMei," ft*., Alt :, 9 Ns'.iunal litin'oer, 
f - ; T:t Lcs Aii-sj, ua* Men.-.., ersu>;) 

hurlrr-l sidrooirtiiq-jsu»s wits '„.-si 
i-WQl-uls* r».-ii| r.f Estvs-n -q and -? 'were 
rmordad daring nydnulle ot lira 1 st lTO axp, r i_ 
K ' Hal *"«t fcormslrruon Site, 

Fantcn Hill. Hew Ks.lco, Those .y.nt. ar. 

l-lm EV ” 1 “ r 1 1Iur « tndufs 1 by high 

p,ra fluid prassuraa. Since the auan- Inc, Hons 

by 1 raw lie ftSiV ln ' n,rro " tl ’ n ' 1 ,|etr lh * 

saissie la-’hniTias ts locate tni tkVdrauito 
rroTturo and r: tutor ll« growth, w. oa In-, late 
in’ r?T, # , trMiru li-renae ntioss.ry to 

HIV;!. * fttlUr " “ ,,n « * »*eple coin or 
sllPltgs Cfl preexisting rraotuma. Ry oo-iaelmt 

! «««««*«•. Wl«el.« wSti 

Suon* J ! , r* , 2?!ia B f 1 * 1 “ llh tr >" dlstrt- 

* f roil > u * <*"a«*Ate that hi in 

=i"o/™rVum,r re * prui,Ma 'W u— 

, 3 J' r * * 1 J*f a r, Jr thasa alcroaarthq-jap.a. sal- 

S- ; wr "« ipa . by # 

fa-.cp ef three during the count 0 r tha 

:rf" r a V' 1 *, 9tr "* lro » “!-'*«*# earrolates 

im mr -.i‘5 r * V," ° r * e, " le R-tlwlty awiy r r ea 
,* r-.y-.? Wl1 ^ siEgeats ralaityely 

Jr-jsrs ar a.-b» 

-»■ B«o;hya. Ret., R rt , Plp . r 1BM8J 
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“mwiSSmSI! "' d J,SCE,iI 

“■! f M notary Srl- 

" # i U I '” lUuIe &f Ttef.oology, 

Si! h«^!* #Shfc,#M * «'» *■ **,anigl 

aio^d S* 1 !, 1 ";" 0,l * lD * t,n * at lifths 
W uPj,r *‘l»-t wat studied ualu, 
recorlt mmulutj since 19b2 st the Hawaii Vol- 
»' *»■• l'.5. Ceo logics^ "t!? 1 

isItMtJ!' 1 "! * >l l 1 ’* ,r, “ r «’ damn lead L 

Tsat et-va tni ccnf triad ty the ralallva a-oli- 
A traitaal le tasrch lor deco i ln „ .IT. , " 

=;ff;:araH^J 2 S?s- 

irHSSs^Wi 

******** * ^7 MbTihM “'I t *S *!! 7™ *»« 

tbaoaiils tranapeig u ta *L"?f 1 t ^** *>«' 

lb,;*# with ItlOBB birrlar. ' ,lM 1,1 " 1 * 9 *lf 

i. MiM- ssysuruSH;' 11 "”- 

b'dfO tlClWIwCB Of tba isi.ar 

m P-UAdt lOKXTI op M nKfjlS ,r * ,ntl « 

IW «l* CIABmIiS WM » 

Xlllcc, ^ w ***■ GmiAL RDI 

laart It. IR.tds«li m isnw. . , . ' 

Ctoleilr,! A-m r . AlSSm. i W> 

Libera tory, AlluL.r.“' U “V? *alaao logical 

a Mn« 7 h S • 

!.^ irtea'iiis 1 •"" l- 
■rlwO|k || IHyatlMlily u« 

^ *i?* ■ 1 

»«aral safMe.gerratRlo*m;!! **"»• . 


tapoftad to the Ittaratara 2TJk?* M *"* *•« 
«*~.V aad -dlaair!;^ ** >^« 

irisns'ssir-’i-s asSSS 


slope for ehoaa itudtaa taogt frea 7.6 Co B-l 
kn/toc. 

Iha pur pod a or our atudy ll to cut Inset the 
P-wsva velocity of the upparuat untie by using 
tba tlu-torn nechod. First, ua Hood tha Pn 
waves of Strang algrela Iron flvt asploslons and 
sight ahallcw tanhquahis racotdad by Che net- 
work. The Bain data tat, which contains 87 tlrie- 
di alines pain, vat procauasd by ualog the clot- 
tarn Bathod. Tho Pn velocity etc lasted by chla 
oar hod la 8.0 J 0.1 ka/iac. To corroborate this 
ettlaito, we than pracaaaad tin subaate of the 
■a In data let In the ant way. AIbobc all of 
tha aolutlonB show velocltlaa of 7.9-B.l kn/aac. 
In agrnaoane with tba velocity daisralnod for 
tha aaln data aat. The atsclon tine tents of 
tha sain data eat alto are subttiatlsted and 
tha* tuggaat that tha haaa of tha ctust dlpa 
noitbward by a low degeeaa in tha region of the 
■urvay. The ■bbJIbic value raportad by other 
ln*tatlgarora for tba lovarao slops 77.6 ka/tac) 
appear a to bs related to tha dtp. 

Tba noraol P-wava velocity or tha upparaoat 
■astla of north-c antral Hew Kaxlco places ro- 
strlrtlons on (be ihsrasl models of the rife. 

For Instance, tbe mules axcluda tba Llkallhuod 
of a wtda tone or utbansaphara SI the base of 
tha cruse beneath the rift, but tboy do not ax- 
cludt ■ narrow such tone. 

J. Ceaphya. Rea., Mds Papar 1FQ710 

6970 lltuctura of tha cruat and uppar untie 
SHUITANEOUS IH7ER3IK1 FUR UYPOCEHTTRS AHD 
LATtRAL VELOCITY VAIIATIOHSi AH ITERATIVE 
S0LD710S WITH A LAYERED KODEL 
B. W. Hawley 1 0. Zandt, and R. B. Sclth (Dapart- 
Bunt at Geology and Ceephyalca, llolvaralty of 
Utah, Sale Lake City, Utah 841121 
Ad iterstlva invert Ion techntquo b«» been 
davelopid that uata tha direct P- and S-unve 
icrlval tlaaa froa loeol aarthquakii to coepure 
slBultaneoualy a thrai-dlosns [trial velocity 
■tructuro and ralocaud hypocantara. Crustal 
striKtute la modalad by aubdlvldlng flat layera 
Into rectangular b locks, An Interpolation 
(unci loo la used to noochlv vary velocities 
batwtan blocks, nl lowing ray trace calculations 
ol travel -I Ires ln a Ihroo-d loans Iona 1 aedluti. 
Tvaia using aynthatlr dura froa known rods la 
shew that solutions ut reasonably indepandant 
of block alee end apatlnl dlatrlbutlon, but 
tansltlva to the cbolca of loyor thlcknaaaea. 
Application of tliv lacbnlque to obscrvuJ aarth- 
quabs data from north-control Utah thova (he 
following, (I) lateral voloclty variations 
In tb* crust as largo ss 72 occur over JO bs 
dlstancaai (21 earthquake oplcancort coaputod 
with the chri-e-dtoaDsloiuil voloclty structurs 
wore ahllLDd an avoraga of J.O ka from locations 
drtotnlnod n tuning hcoogenoous flat layarod 
Kdalai and III thu laterally varying velocity 
BtrucLura Correlatas with anumalous varlatlont 
In tha local gravity asd aaroissgnal 1 c Hilda 
■uggattlng that tho new velocity Infonuricn 
can ba valuable in acquiring a bettrr urdarstand- 
log of crustal structurs. 

J. C sophys. Ras, , Red, Papar 00784 


6970 S tructure uf tha cruit and uppir untie 
C0HPRI5S [ OIIAL -WAVE VELOCITY STRUCTURE Of THE 
UPPER 350 kN UNDER THE EASTERN SHAKE RIVER 
PLAIN HEAR HE1BUR6, IDAHO 

Pir" *ca E, « 5 e 5 J ,S ' 6,B, °S ,el1 Sur *V. Hsnlo 
Refitlve travel -tfoe rail dual 1 for tsls- 
HlMle P ind PK1KP ire used to delirnlrw the 
cwpreiifonal-velocltv Hructur. under the 
aaiUrn Sneke River Plain ll Rerburs, Idaho. 
Di'Vid'luM-iquirei Inversion of Iriyel-tlme 
ret dHli (nodi flod frets the net hod of Akl) 
Indicate! a large bo<y of 3.G12.S1 relatlvo 
loir- velocity naterlal centered under tha north 
nett edge of the Snake River Plain. Lest wall 
remised ere two relative hlgh-valocl^ 
hodlei, one deep under the Idaho-Uyealno 
other 300 ta b * ,B " llw IdAho 
batholiUi. Cotvarlisn with ifallar velocity 
rupplngi of the TeMoustone region Indicate* 
that uie Snake River Plain low-veluclty 
■Moaiy l t u aged eatanilon of the Iom- 

b !?(a un ?' r w tta Te,l8 *» l °™ caldera. 
The uppir half of (he bo^/ hat vanished In tha 
aeitern Snake River Plain and the lower heir " 

«™L“a!!! 0a ! ,OUI th,n 11 The 

Atwrij dependence of oantle velocity Itructure 

i nd “ r Tsl I owi tone-Snake River 

loth.*!? 6 ? * C ,y I t * n ,nd, «t« toil of heat 

to the surface priDarlly by adveettve (heat 

™«? * «•» «»e«ntrDech.*n1»i;!!S t hy 

S«lM "5 dlKrlul nation between prapa- 

^dBM UPP S r " nt1e hNl BKOlly 

«tt« ? f . t I M,t P™a rowing volcanic 

< iidcm1m P iii sh^J l! 10 walKl ^ * tructuro* 

I!*!? , rtth ttaM tat tP 01 nidali have not 
6«n predicted quant iutlvefy. Upper B.ntle 
heat inooaly mdeli (thersal pluaei, chealcol 

StSwr! r ?di5 Sr r!' ,:h0r il , fc Mp,a1 " tha nb «4 a d 

itructure iff th rawr id hoc isiiuitfoni but 

S? fll l°1natad. 

P-delay*)™ r ” *"■ S * rj:tura . Hot Spot*. 

J . C«,bys. Era.. Pap „ 1M||# 

vaTflltf, Stanford, tt 94303) 

Sr3=SSfS£- 

pssr 

tying rocks, run *r ,v. ", tb * **ndsr- 

flactlvs tonoi having appr«i?b!o rtUk"" 
(0.1-2. 5 ini vhlls ii, iii !** * thlcknassae 

■ log la continuous r«llaelioi d " 

SmSS#sS& 
SiSss— ^ 
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6970 Strueturo of thB cru»t and upper nantM 
GEOPHYSICAL CONSTRAINT b UH PARTIAL HILT iw ru 
UPPER KAMUt " lLr lb IHL 

T.J. Shank land (low Alaaos National laboraiaw 
Oeaphyilc* uraup, Lot Alamos, m 8754b j 1 

R. J. O'Connell, and h. S. Naff ' 

This paper addresses tne condltlnns weoar *, rh 
pirtl# 1 melt can exist In the mantle in ora!?!! 
be observed as a geophysical -anomaly.- 5* 
observed emmaltos are: high electrical c !' 

tlvlty of order 0.1 S/> o r greeter S; 
decrease* or 7-lut. selsoic y's less than i,« y 
and a frequency band for seismic effect,' 1„ 
region near L Hr. t „ lt i ng tl.enrVe* of 
trlcel conduction in partial Belts and nf 
frequency- dependent seismic proportles f 

with recent naasurements of mel t P sl«tr|r»T c !’ r 
due tlvlty, viscosity, jnd partial toll 
can be used to establish requirement, hr jjftto 
be observed by geophysical molhods. from ,l,J 
trlcel anomalies, mainly sensitive to oelT.o ^ 
and Its interconnect ion, one can require 
rm mlt fraction of several percent At 
tures close to the solidus lllSu-ijuj-ri 
ever, seismic models demand only a (toll M toH 

Su-r'Sc sswur - ltw(t ™ sr 

tmgss 

voids Inter, retina more or less squint vom!’ 
then U 1* possible to Infer T^Vlon, ?^ 
elastic anomalies that are consistent with tp» 
f DarMnt J re ** , 1 7<‘ (or electrical an«a. 
lies. Observed equlllbrlin torture* of parti v 

S. l »..3 ,Hd e° me tD ? e ” er "* tm inferred 
nelt-sol Id surface energies suggest that melt ,! 

tan 8 !!!?’! 1 ?*. “*'* * gravitational fiefd 

segregates Into a strongly anisotropic pattern 
J lp partial Belt causes mantis geophysical 
anomalies, it should exist In a variety of void 
shapes and probably of size,, while the IS , 0 . 
elation of electrical and elastic anomalies with 
Indication* of reduced density, volcanlw, and 
high heat flow nake the hypothesis of partial 
melting an attractive esplanatlon, Uie slnlmBi 
physical requirement is for ssisteKs of rela- 
tively high temperature (partial melting low 
velocity zone, high conductivity layer! . 

Rw. d sophy ■ . Rpaca Phys., Fapar 1R0664 


6970 Structurs of ths crust and uppac until 
LATERAL VAAIAT10NB Or HIOH-RBEQUEIKY SEISMIC 
WAVE PRO7A0ATI0N AT IBGIOHAL DI STANCES ACI0SS 
IIIE TUT KISH AND IRANIAN PUTEAUS 
K. KadlaiLy-Cada (Dspartuut of GboIssIciI 
Atlanta*, Coru*ll Dni varsity, Ithaca, Hav Tsrk 
I4N51), H. Baraiaugl, I. Ollvav, and B. Iiacks 
In tht* study we lnviitlgats tcuscal and 
upparaoat untla physical properttol that 
Chirac t-r laa sen of tha coni leanest plateaus of 
Lha Middle Seat. Till. Is dost as pan o( a 
larger affort to aap and cupaca hlgh-rraquiKy 
wava propagation at rag tonal dlataucaa tetsaa 
iha aartli’s coodnancal pi. Issue. Thousands of 

■hort-porlod WISH aalaaogtau rtcardsd st 
■Ml l-iii-i locate I in tha Middle Ease and piodscad 
by aarthquakua with apleantral dtataacaa lata 
than about 20 ware tiulnad vlaually to sa 
eftort to atudy laiaral variation, of hlgh- 
fraquancy (9,1-2 Ha) it I sale wava prop agar Los 
■ernsu (Mi area, particularly to tha oarih of 
iha ions ol coni Inoncsl eslllaloo haewaao eta, 
Afrlca-Arablan and Eurailan plaiaa. VarlalloDi 
of fro (.tunc tea and aaplltudaa of sed Jj 
relative to P are utaalnad and uppad throughout 
iha region, and thle w-jrk t* auppleaencrl by a 
•lady ut veLocIllea of fa, Sn, and y. |o 
anpl ILude varMtlons are uory striking [ n this 
aroi. An important "hvar/allon of this study la 
that 2 a propagatsa offlclonily banuuth a uajor 
part uf the Turkish nn-l Tranlan placesul. J) It 
uLr.ingly aiion.i-it.-| , howevor, In aba 
Borihornmost portion of thu plstaau* anuth of 
the Black and Cawpian Sana, and in as area 
b>r*)B,i Iho two lean. Thasa rag Iona ara 
uiieractarltod, tngoneral, by actlva tecloalta, 

Inc luting voLcanlia, faulting. and foldlog. 
Soesvar, thin aettvu tect-nlla la not restricted 
to th« araiB of high 5 jj atcamnitlon, but appears 
to uciend bonoetl, othor par la ol thu IranLao aal 
Turkish plat onus. 

Pattern* of Lateral variations la the 
propagation of Lg aro not 4, consistent as those 
for Sg. ]J 5 proj>.igetai efilctontly scroll 
Teckey, Iran and adjacent raglons, hut th* ij 
wavoa that cr.iva the Tutklah and Iranian 
platoaua aro uaak and hava raLetlvaly long 
profoalnanl parloda of about 2-5 seconds. The 
i»A phase la not observed eh on tha path of 
propagation croaie* Cha aoulharn Caspian and the 
Black Soal, com latent vich cha avldaua of 
ocaanlc-cypa crustal structure beneath thaae 
■eas. ig la also not obsarved from aub-cruBtll 
evonta located ln clio Hindu Kuih region- Th* 
velocity of Fq beneath uac of th* plateau 
area*, and particularly in the regions of Sa 

attenuation, rsngni batmen 8.0 end 8.2 ka/«e. 
Velocltlaa for £g and Ij throughout thi Klddla 
East are about 4.5 and 3.4 kn/aac, roapeeclfaly- 
it la possible to Lnterprot tha sfflclsat 13 
prupagatlon and rha ralatlvoly ooraal uppanoit 
■satis £ and 3 valocltlos banoatb a najor pert 
of tha Turklih-I ran tan plateau aa lnd Mac Lag ■ 
psrclal under chr us c ing af th# Arabian 

continental plate beneath chn Icanian and 
Turkish continental blocks. Altar natively cha 

■appe .1 rojiona of officiant Sa propagation and 
high £r] attanuetlon cay result fcoa • 
differential cooling of a past charms! anaoilf. 

In this caeo tho laoacaclc coapansicton of tbe 
platoaua could ba due to an anomalously hoc 
upparaoit ■anrla that devtlopad bahlnd tba Xld- 
ro-Uppar Tertiary subduct laa iona(B) to tbla 
region and to a aubaaqusnl crustal ohortanloi 
aftar the collision of the Arabian and Bicasli* 
plates. Our remits cannot uniquely coal Ira thi 
validity of the above propaiad modal a, 
propagation, costlnentaL plaiiaus, tactoelcil- 
J. u sophyi. Rna., Red, Papar 1BQ96L 
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E8TDUTIB1 THE 009T8 IB L08T FOHBR OF AUIfflAnVI 
BHAKB-COHnOIA BAflIH WBIAOB0T HHJOISB 
B. J. Hsbaofl (Vmerlcal Hatbsmattoa Wviai« 56«. 
fMdla Hablooil Labor* terlei, Albuquerque, SH 
071S3J and c. B. Hi Ilham 
A 91-4at, 5^ -tl»o -period atoulation nodal or tba 
Bnake-Columbl* river bailna, it daioribed. Oil 
“tol to than applied to a lartoa Of altamttt* 
baato-nanagoBsiib *oaiiarloi oo os true ted for to- 

or poUtioal Intareat. 10 eaob ess*, 
the topaot In term of lost power of tbpb gosaarto, 
u opposed to basin Mugamt for optimal pwtf 
Ban* ration, la quanblrlad aoontBloally U**og to* 
Ataadard wunt «v "•••nl toi— w t fiMt . m Stroto 


msMi ■■■> -• ; m 


now data to taken for tha period Fuly i, , 

JVr* 20 , 1932 , yaara Including a UiJ-ionw '«rUlo*l- 
PMiod" of hlitorloal low flows. Bio uabaerto • 
coniBquaoots of the alterative scenarios v*ra - 
cospHted using the slMilatlon model. Hentloo to 
■too made ©f a touristic look-obaad aod*l 
F*80 that ru dovalopod during thle project. 

Sens technical detail of tha iaplaaentatlm or 
both modato la laolwtod. (ainoUtloo, cpttolto- ; 

lloo, orltleal period, power. Snake -CoXu»M*, 

**«■•» flow, aooacnlo evaluation, replaCmast 
ooit) 

“■tar Roaour. Rat., Fapar 1U052J 

i . 

7J10 Bcoooalca -** -. 

KUITIOEJECTIVE ANALYSIS OF IRRTCATIOH . 

fbANRIVO IH RIVER BABtH OEVSLOPHBNT 
8. Ttdula (bapartmrat of Civil Snginearina. ' .'v 
Indian Institute of Science. Bangalore - .. * 

S6001J, lodte) and r. Rogers . . , L 

A river baa to whioh la astauaively davaloped 
to tha downs* ran reaches and whtoh haa a Win 
potibttol for devglopmsa* to tn6 oppar reaenea . 
le considered for Irrigation planning. A 
raaarvolr eysteato modeled, oo a moatWy bssf* - ^li 
«ei»l e ■atheistical progtemiog (L.F.) .• • 

Jailed {© Hod ogtlswB oroppfeg patten 1 *.. 
t9.*H|d,rator ud downatreas release cooetrttois- 
. J 1 * iffpyfd (« * river basin m lndU- -. 

•,*5 nat eeoqooio baooMI* .*• , 

• * nd ^AKWj»r i^igated cropped ared, conaldsW _ 
if *, cnfrMljMd In. the . v 



jgfSSS PANNING MODELSI EXTENSIONS 
WD ^ PL J£^*^ N Monltrrey, N.L., Mexico) and L. V. 

placing ™W b*w developed lor 
* ita opilmurn aliocallon of weier end reuie 
•’SSSjroa • rmHlona' basil for multi-period plan- 
Uie over* 11 C«t of waler aupplv- 
"<d water qiisl I ly paramo tors of 
*1°** ■* eonildered. *a lie water 
■* .n\Li lecior*, along will* frejii water, can be 
2 m|Sohh8Mi wurce* or origin of water. The 
!!ii Milder* Ihe cspicity expsnllon ol ireaimenl 
allow* lor economies of icale In ireaimenl 
through the toe of nwllijw ob|ectlve 
fi,*T EHh«r ihe large mle generalised reduced 

SwTor *« llne " W* - " 1 *"* me 'N° d ; 

P uMd io ob u In mlulloni lo ihe models. Both 
„iT«iW and multl-perlod model, ore applied io a 
^SiWludW; S»n Antonio, Text*. The single period 
£i ni spoiled w planning scenario, for the years 
nw 70M, and M 30 - ^ 'riulil-perkud model was 

liia j<ing a plannlnq horlion coiuiiilng of three 
22! ^M-MOO, HM-20JO. and 20W-2Q60. Comparl- 
„r.«r made of (he single period model application, 
rf ih, nulii-perlod ippUc*Hon,. The ,olullon oi n 
JL*, al Single period problem, doe, npl correctly 
Ita dynamlr nxliae oi the syilems. 


Solar Physics, 
Astrophysics, 
and Astronomy 

nit (OWU 

|>;c'ill£S OF CORONAL HOIE EXPANSION 

T-,3. fje-pu (High Altitude Observatory, National 

n-tir for Almatpherfc Research, 8auldar, CO. and 

jjimntcf Gwphyslcs, Peking University , 

iiilriCMni). 

blld oo tha assumption of the undamped propege- 
i.nol Alfven waves between 2 and 5 R 0 , the pos- 
mle range of Alfvan wave energy Flux density at 
t'tUHOf a polar coronal hole his been deduced. 
Ills concluded that extended heating above 2 R- 
uririu to oaln tain Uia temperature raarira* 
ri.iIR. and to supply energy for the formation 
.■ Mjn-ijwd wind streams. The energy contrlbu- 
i-.v of iitinded heating to high-speed wind streams 
i:,il be greater than that of Alfven waves by dlr- 
i-.t r-Witofl addition. 

I (ejiys. Raa., Bluo, Paper 1A0B26 


’llltlicineignatlc Radiation 
M BUI 5TECTFAL IRRAD1ANCE I200-J184A NEAR 
I1SI MIDtUli 15 JULY 1980 
C I. feint (Laboratory for Armoaphet 1c end 
!,la rtf slca, Ualvaralty af Colorado, Boulder, 

U I0JO1J and C. J. Koitun 
Ml-iiil solar apectral lrradiancaa naar 
■■in uilaia wera obtained In the epee tret 
> 1141 1100-JI<4A at ■ spectral raaolutlon oT 
Ulnlsslaly IA froa rocket obeorvattona above 
Alls lull Hlsslla Range. Niw Mexico, on 
111! IS, I9H. Coapaclaon with meesuremante 
u.'t lo 1129 and during solar minimum conllrm 
i luji lotrsas* at solar maximum In the trru- 
l!r--s wit 120QA with no thanga within our 
wii.iDim artora near 2000A. lrradiancaa In 
i‘i iO|s 1909-2 10QA are In axes I lent agraeeeni 
•npiltlous eaaiuraasnti. and tboaa In tha 
-I6-210M rsnga ara Invar than tha Btoadfoot 
'ir.li,. Vs ilnd sgresaent with previous valuoa 
~«*u, “d tbao fall balaw those values 
irI-> 1H44. 

-toils, lea. , BJoa, Fapar LA0764 


u.. UMlKuognaiic Radiation 
L’ Af EK naiHQMAIj COST LiDUH RAD [ATI Ota 
•-1-UU [Dept, or nqrsiea 6 Aatrooojgy, Tbe 
-uusiirsf rov«, ion city, ia S 28 ke), o. a. 
ad r. r. Aadarion 

7i< '.:i mat loos by tba lass 1 plaas* wava 
yarr rmal herttafora unreportod data! La of 
‘-i JBaB * 1 continuum radiation from the 
a-.:, la particular, tne higher frequency 
vaji-a c*=p»ant ahova tamporel and apeatral 
•e'-J'ii sblqb ara quite dlfferamt from thoae or 
f'Mnanay trapped ami a a ton. The higher 
r'”^ “epooent La oftao oleerVy ■•(misted In 
ilT?, -6 ? free tb* trapped oonpooent and high 
'9«trogrra ahow that tha (leaping 
- -*:La nutate of nuuraua narravtand emli- 
^4 tiisb drift a lowly In froquaney with tLme. 

Jpar frequency caapoawit aLao exhibit! 
l-o.uiupjrui w Spatial rarlabLUty in both 
S4l.h sod (raqoeocy although the temporal 
. ' . 1 * r * *1111 qulta Bmotb whan ooBpmrad 

k-'-.J,"'* *dtanaa and higher rrequenoy auroral 
v -fiT* f* 41 * 1100 - Bvldenaa 1* preianted 

'tarn * direct connection between 
;-n. , sC25 ta * ta “* B,l0n » nwr the upper 
r.to ”*9’ ,,De F and the eaoaping ooatlauum radl- 
■o,iir2| r0B * llr the totter allot ro- 

la se oented through mode 
Tts rl- ,,™ th * “W Br ^brid wmvaa. 
l.--« obaervatlone or the eaoaptpg ooo- 

frQa lhB “ rth atrongly auggest 
HrAa!! T?^ p0,l4, “ , vUh thB nBvl F reported 
1 -'j'BH.i!i 1S,,trta radiation from Jupiter. 

•-i nrti.i°* V“ narrowband and ahow 

natlHo In aapUtuda with time, In both 

■•■vslt «^ rr ° rt “ l1 r » dl »<- L '» Ilea above the 

raU,ll0 “ *nd below tha Intenee 

^ittl* » * “*■'**■ (auroral Rllometrlo 

‘■-f.-lierl "* rUl daeemotrlo radiation 

Si liii.,,' , daaa * f»B both planet* auggest 
i-4-.lt deeerated hy lnteosa allot ro- 

S.na i. lta l * r .» a “Wvr hybrid raaonanea fr*- 
>to! gw * le *blty of the ptoeaap*ii*a at tha 
la-j,. ,*1.7.* edge of th* Io plain 
f«s 1 n. ll,r * ( CoBl,B 'n« radiation). 

«•- »**., Uua, Fap*, 1^9545 

‘•toBecralSSl' reAtotlon 
^xiSeowS 11 ° ? m 80LAfi SPECTRAL I READ I- 
l9 ” to 1P ” 

‘ :i!l Ftiilca* u!? r,U>iy ,or A E “ 0 *pherlc and 
~ Oi 09 , ‘ ™*varai*y o( Colorado, Bouldar, 

’ ' : MrJ J ouniln 8 rachec experlaanti 

: '“-J IMmto! " ?** aabar 3 ” J ■“< torch 1977, ■ 
cl il, “J" utolnua between eyclea 20 

'•MtiJ rmi, iji 11 d [ ,c ■® 1 « r Lrradlanea ln tha 
o,,^!Ll J0 « BO ra. Although ■ .lngia 
lj »il tu ”* nt ***•■ only a enapahat of cha 
'"-«*) or Is! * CC0 “ ,t (« ahore-teim (elnutae 
'"“llera. C-eeke co wmcha) 

mua of tba ftw * ytoide ■ 

f :i, *'7er iiBt ,aaea with in sbioluta 

"t-Hia f.i “• *FProprl*ce to und are tending 
Irr!duIII > v * rUclQ “ *“ e°ler lrra- 
’ h Mae paiiog^* * a ** ur “* Qt » obtelned during 
*U. »r ‘™‘> E *A-tor. ■ra ca&- 
t’^lua* to. JI ' 1 ""' epectra. A cable or 
^ l “|tij tolaalsn ltoei with 

J 1 ' InadlaJ" ,J* 0 ** HO K. U prasantod, 
(^^•iry]? ' L> * m-a ' “Fpar stmoipbere, 

*M,, line, p, p „ 1AQ634 
j^'ttaalca 

»«■? H®?"* W SATORH'S RIRQg 

iSSu Klura 'JT 1 ' 1 " fahoraeory , 
■*tt^ t*t* of Technology, Feasdau, CA 

^'SiSsi: p,rtlettlat, fcptart.. 

‘Bat deei!:. nea ^ ■ *lra«ity law, . 
tta 'IM "J eh B “rt«d denalty, a, 

52 ! «« kftlil L 1 *:; d (vo)/d0 < »> W*Jl i 

Vu?!* « thtortn. - 1"* •f ,t " *“*« •« 

ft,: 2!“,“ ^^ta" lbU • pp,u-t, ° B to 

• “*t., Fapar 1L0800 

i,.„. : 

8. c Jv , cnw >8,VBW *a«*wic FIELDS 

VI* fint mod- . 


■uDaequenciy Dean axtandod by oon- 
■iderlnq eonvaotlon ln an olectrlo- 
nliy conducting Bausalneaq fluid ln 
the prennee of on Mapoaed nagnetlo 
I laid. Nonlinear ftolubiona for two- 
dlnanslonal magnate oonvnet Lon ahow 
both steady and asalllntocy behaviour, 
Th« renulta of a aeries of nnoericil 
experiments at a fixed Raylalgh 
number of lo' ara presented and con- 
tracted with predict long based on 
linear theory. 

J, Oeophye. Raa., Rad, Fapar U0811 
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BUD Convert Lon Currents 

PARAMETER 12 E D TWSHW. CCMVECTICSI IH A LAYERED 
KS1» AND THR THERMAL BIFTORY OF TUB RAPTH 
■XHoKenaLe (Bullard Laboratories, Dspt-of Earth 
Seiencoa. Hsdtnqley Rise. HsdtnqMy Rood, 
Csnhrldgo »J 0E2, England! end P. RLohtor 

Psrssetsrliod eonvootlva aohmias for constant 
viscosity fluid! era used to invoatLgste tha 
influence of layering on the relationship batvean 
tha rate of heat lose Etc a and bant supply to a 
ruaber of eonvactlng layers or different vis- 
cosity and thlcknasMi. Staple analytic expraa- 
alona are c-bteuad which accurately predict the 
behaviour to ■ atop dacreaaa to the hast supply, 
and show that layering considerably Indians 
che caaponsa tie, Toe ,u, srgumasta era applLed 
to a planet nniletlng of Bp-harlcsl ehell*. Tlwy 
ahow chat tho riaponic of tha Barth's heat loss 
to ths decay "f radlosctlva alraanta .laraMa 
strongly on whathar mantis conviction extendi 
from the core to tha aurfaca. IT it doaa so 
tha aurfaca heat flue le only about SOI geestar 
than the Hast generation rata. But if uppor and 
lovoc mantis convection occurs in two aiparata 
sheila, aa aaisxologicsl and qaoohamlcsl arguments 
vuggoat , tha raaponsa Lima le increased. Ths 
peasant aurfaca hose flux le than prln-3lr*lly 
CXI trolled by the thomsl itruotuca of tho Earth 
at tha ilmo It ns forme-1. Tha beat oatlmato 
of tho praaont ratio of tha host lota to heat 
generation le about Lw., and this value la consis- 
tent with tha behaviour of an aartn modal -Minia- 
ting of a two layered mantle overlying a com. 

J. Ueophys. P.ns., Rad, Papar LM619 


6110 Conviction Currants 

PS SOUS CQNSE-glENCEB AND POSSIBLE CAUSES OF 

LAYERED IUNTLE CONVECTION 

frank K. Rlchtar fDapartuant of tha Ceophyalnl 
Srleneea, Unlvarelcy of Chicago) and Dan F. 
H-ikansle 

Leboratorv and nuaarleal exparlmanta ara uaid 
to atudy convection confined to discrete layers. 
Tha laboratory axparimunts. which uie cha vatar 
content of a predominant Iv glycerine solution as 
a way of aatabllshlng "chemical" danaltv varia- 
tion*, show that convection will raoaln confined 
to auporlspoaod layers when rhe cheolcal danaltv 
contrast batvaen layara Is graator chan the don- 
■ity thanga associated with tha greats*! I copur a- 
lura dlfferance within tha con vat ting ayaton. 

Tha oumarlcal arpartoanta ahow a double ihernal 
boundary layer at tha Interface beiwcun layers, 
a feature that would result In an average ten- 
peraturo Incrataa naar 70fi km depth of abour 
JCO'C to tho mantle. If iha lower nantlo la 
Isolated aa suggested bi recent geechemlca] 
BC-dala. The poaalblo cauaea of a levered oantle 
convection aystei Include tu|u elenant chaolitry 
variations, cha combined effort of oajor olan.nl 
chamtacry and a phaae change or a phase change 
■Iona tf It has sufficiently negatlvu Clnp>.r v n 
■laps. (Levorad nantle convactloqi 
J. Oaophya. Raa., Xad, Paper 1*0408 


■ LID Hast flow 

A PLAUSIBLE TWd-DIHrNSIONAL VEITICAL MODEL OT THE 
EAST MESA CEOTKERMAL FIELD, CALIFORNIA. P.S.A. 
f.f, Goya I (Earth Sciancea Division. Laurents 
lerkelay Laboratory, Unlvaraity of California, 
lirkaley , California 947101 and D.R. Eaaipy 
A two-dieanalenal conceptual nodal of the East 
Heaa Geothermal system to dlaalopad on Lha basil 
af eitoling geological, geophysical, gaochimLcal , 
heat flux, and borahale legging data. Hat water 
rising in a aat of faults to aisumsd to charge 
tha raaervair, which la overlaid by a clay-rleh 
tap. The tempi re ture -depth distribution observed 
il cha eita Implies thee cha liquid ia convicting 
at a high Rayleigh number. In this appraxieatlan, 
liquid rials up tha fault and apreada iaoibatmfl- 
ly Into cha nearby sect Iona of the reaarvoir. 

The cooling afreet of tha surface oa tha riow la 
the reservoir ii caafiaed to a thle Layer adja- 
cent to tha cap-raaervoir intar face near tha 
fauLt. This layer grows with (he distance fro- 
th* fault. Eventually, the aatLts depth of the 
reanrveir Is cooled by the aurfaca. Tbe milhe- 
eitical model la based on tha flow of liquid 
uatar in a aacurated porous madlw. Raaulta 
ara nbtninad far tha wnlneltlaa, ptaeiuria, sad 
ttnparaturas t* tha antira ayitsm conalating of 
fault sons, eqoifav, and clay top. Finally wa 
compare the predicted aurfaca heat flu* to that 
matured at the site to shallow valla. Il {■ 
concluded chat tha modal rapraaeota a plausible 
daacr Lpt ton of fault ions controlled ayiiami 
like that at East Mesa. 

J. Oaophya. Rea., Red, Paper 1BQ706 


IS* AND f CfflfT WEFTS ■ BIMUARTTIEB A#fO D»- 
ICI3 U THE KECRABISKS OF BUT LOS! 

■total (Department Of north and »aMta^ 
uses, K.I.T., Cambvidga, Mas., Oil 39, Wil 
icaooa, nnd C. Jnupntt 
i pcLnctpal objnetlva of thin papor la to 
in* a alnpla nod aalf-conetolaet review of tha 
: physical proem** con troll leg bait Inal 
tha Earth. To aacoapMth ttl* cbjacLlv* 

[va a ahort aurary Of tha oaaanle and eou- 
ntal data and compare and coot rna t tha *•■- 
in machanliM of haac toil. !■ “ a “ 

uncantrata on tha eftont of hydrotharmiL air- 
tlon and oa tha eontlnants ws ton.lder town* 

11 ■ eodal ca lacing .urfata hast flow to 
Ing depth so lias for tha dlitrlbutton M 
ilium, thorium tod uraniue. From *h(a eem- 
sen we conclude that th* ring, to P 8 ** 3 * 1 * 
harm, at dapCh. halo. LOO M ISO f I* . 
Lnanta and »«•*»■ ova dap and 
eture baMsth an »M *t*hln » 

stingui ah stale from tot baaaath an oeaM war* 
t anuilibrinm. Ocaana and contloauci ara 
oJttal— cbacm.1 ay.t«- »?Lh>.V.an 
r rigid machnaianl l-Srar far. ha* t m i* * 
notion and ■ torn charpai 

ra^srs«*»ss i. 

a* absirvad ^dlatvlbution of 

ha oca an allow* hi to Invaatigat* tU dontoant 

i.niam of haat toss vhit* la ** aba Ita 

i dlitribuClon and an uodsri tend tog of the 

ition of ottonle plate. . ' 

ra Lit loo hotve« ■»* " 

;» P to-t1uotrlta^S' to EhTurbUi 

.ca^uJS'sfs 57 ^ 
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usad to deterniita If tha otaanlt llthcaphera 
bahavia ai a cool ing hslfapaca or as a cooling 
plate. Ksvavar, large arsis ol the ocean basins 
do net fit a simple aga-daplh rtlatioa. Anoma- 
lously aha I low (walls, appresimaealy lOflO ka 
wide and I km high aurrouad hot spot, auth as 
I called, tha Axoraa, aad thi Capa Yards lalaads. 
■y aortiag laafloos daptk dm hy disianca to 
tha naaraal hotspot trick, wa show the! Ihe 
along- Isochron variation in depth In Ihe North 
Atlantic cerralataa with disianca from a 
hotspot Iraak. Due to th* abaanea in tho North 
dt tootle or seafloor bath eld md far frau 
hotspot, , wa compare depth varaus age at con- 
stant dislncs and do not oblsrvi flattening of 
the age -depth relation In soy dloiame Tioga. 
The aga-dspth ra tot ion, dipthfostori) • 2700 t 
295 ifmy) l ^ Z , dsrlvad for aiaMoor 1 20 D to 
I MO km from a hotapot track rsprsasnts Oor beat 
oatiuste of tha igi-dapth ralatioo appropriate 
to aaa floor saaffactad by a hotapot track. In 
the North Atlantic tha previously interred 
flattening of the aga-dspih ralatioo sppaara lo 
bs caused by the inclusion of hotapot avalla. 
This topi laa that hot ■ pots may bs ths primary 
■asm of hast transfer from lha daegu nine la to 
tha baaa of she lithosphere. (But spots, subsid- 
ence). 

J. C tophy a. Raa., Rid, Fapar 1B0665 
8150 FLato Tectonics 

A KODEL FDUilKd THE THAR5TEXJE RANGES OF 
CALIFORNIA ET EUBDULTION OF THB MURRAY 
TRANSFORM 

B. toiler IDopxrliunr of Geological Sciancea and 
tho Horlna Sc lento Inatltuta, L'nlvoralty of 
California, Santo Barbara, Cslllarnlu 9)106) 

Tha East Pacific Riau collided with western 
North Acsrlca to the last 3D o.y. A eodel In 
which the preexisting trsnsfora goanstry via 
preserved aa tho nctlvoLy aproadlng ridge vs* 
Subducted under tho continent atCuunta for thu 
Rroas foaluraa uf tec tunic gsnodtry of che vast 
cj.ist Including iho ci'Untola blocks and deep 
Hoogenu acdlmont boa Ins ,| tho Trunaverse R.tnRaa. 
The proaont day gecretiv Ln this DuJel hi, trann- 
luio motion at the surl j-.e slung iho tin Aii-lrena 
Fault and pjrjllol liuiurti with docuupllng i u 
tho fm slung tho uld iuUuL-il.n lot erf are. 
Ceaphys. Rea, leu,, IMpar 11.0416 
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ItKEOUS EVDIUIIDN I'F Iliad glSRl PETAiVrt.lC 
EVIDENCE FROM WDP 1EC 62 
4. k. Uirdun IDepi. of Earth Sclsnrsa, leva 
Slate Untv., Aass, IA 10011) K. E. Sflluti and 
T. 1. Vslltor 

Igneous ruck wsv rSLOvsied st three al lea nn 
Haaa Flaa, norih-canl ral pacific Diaan, during 
DSDP Log ,2i tholstlllc b«->ll at site 404 
(norlharn Horn Rise), irachytl at sire 111, and 
roundsd .'In l a uf alkallc basalt at SI to 4it 
Itaoth on Buultaru Kaam Rise). Ths Jrpiliu *1 
which thu tg.-ooua rocks true Site* *64 and ,69 
were rccuversd cwneaponl to strong ir-mtli 
rufloctora, whsruas the dalla llm 1l*e 4 tat. 
woie toci-veri-J iron within calcaraoua awJLmant. 

All hough Jll lha rocka etc oodarotrl, |u highly 
slivre-i, pel rugrapiiic andctanlcal itvllea, aapf- 
Clallv lira earth elouoni JslerutnSi lun,. pr-vldc 
-iuia un Hie nature af thasa rurks, 

Pats fr->n these vludlei, cunl-lnr-l with K- .-phv,- 
l-.al nvdcl, nl lha wv-lullvn •■( Ih* P.i Iflc plalv 
.luring ih-. Hooiuic, alliw an tntwrpr.-i.it ten uf 

ll.e f. il lies k Rile Invulvlnq K-. 1 1 - 1 1 .,1 

j vnlcauU puunm b. erupt tun el th-icUii.. 
nld— .\.-wn|- rldite baa.ilt .auio! bk Ih. bierk.jp " I 
j R-R-k-l ,j.- Illpli- l*.n, tli-p during ■ I.. 

■ reLwce..ui. ih|a per I -J -,l ular l»rr. i-ul I ll .. 

!..,.'V!.lL"l l-t cdlfl.c 1-ulldl.W ll I*-. --■■>. 

edge ef ih H. liar knv’M.i,: all ill- l-i.li n..| 

IIS dll lerenilait .n pivJ-j.t, a»-. i i'.-- • -i 
toil, lcjii.ivrnlJ.il'. ih Is lul.-li-i.-l .1 r . 

HI. ,( with |-r.|"».gl .-.--IvlS fit Ih- lun. I l>. 
tliel-L 1- 1- jrlivf -Ihe, a- e ini < , I ■< ... , h-.r 
'--pilrc- i Jlli -renl r.inl«-.-u .-. I . I u. .- 
I Ik.-J Jt> h I e IP . « I JHI-.I1 I l-j I • l • 

. . iuil 1.., i Ii.- ,14.111, r...ks. 

J. Uoophye. Sea,, Pci. Piper Ij'itaJl 
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5 PA UAL DI ITRIIIfflila AdD HECRANl WS *F 

EAHIH'JUAUS IN THE SuUTHERV IW 6MIIDE5 ARC 
FROM A TEMPORARY LAND AliD OCEAN SCTTCK S1IR-IK 
HITUORK AID F1QH V.JBIDVIDE OBSERVATION] 

B. Coudart (Dapartnaot ol Geological Iclaucaa, 
Cornell Dolvsrslly, Ithact, NT 1465)1 l.L. 
laacks, K. Isrsiangl, I. Louat, R. Cardwall, A. 
Chao, J. Dubola, 0. Lathaa, sol I. Fontotaa. 

In 1977 a wide -apart ara aalaolc natwirk of 
land and otsan hot too seal loos loll) wa* 

aptra tad for ala vaska lo ths loutHarn Saw 
Habridsa Island arc. Data on ths spatial 

dlatrlbattoo and machaqlsna of aaall tvaota 
rscordsd by this local oacwork wars latsgrstsd 
with worldwtds okssrvstioai of aodfrsta- ro 
Urgs-slti Baw Hsbr Idas sarthquakss at ths past 
17 yssts to study tha atroetura asd 

dsfocmit tonal pcoeaaaaa io tha Haw 8* hr Ida* 
subduct loo ion#. Surprisingly aasll dlffstucaa 
(!*■■ than about 10 to) war* found ha twain tha 
local loos ol ahsllow- ud tnlirsadlats-daptli 
aorthquakai sa Lot at ad by tha tampers ry local 
nnivork and by tho Iota vast tonal I, limits* toil 
Cut to (180 using worldvldi test Ions. Aoslynla 
of tha f-viva traeal-CLaa data Iron chi OBI 
station cloiaat to tba txanth ahnm lint tad 
sv idiot* for a hlgh-vslotlcy sons (about 91 
higher than tha surrounding aastlo) Assoc la rod 
with tba doacanliog place. Ths thrust moo 
hotwsao ths descending and uppar pLataa la 
dof load nalnly by iha apatlal dtairtbutlon and 
focal uchoolsaa ol nadovata- to Urga-llso 
avion sad chair aftar iho ths, hot I* Is rut vary 
will daflaod by ths spatial dlatclbutlM of 
amsl l at aa ovantl Ucttsd lo this inly. 
Shallow onlaolc activity located baaaath chi 
truth aad tsusth tha Utirpltta thru** sons 
lodlcataa ■ lower limit af aboat H to far tho 
chfckmia of tho oolulcally aotlvi part of cha 
daicandlag plat* bsoaath tba thniac wo*. Focal 
oachaoliu of uodarsta- to laRga-aiao 

oarthquatoa loeatsd vlthlo th* uppar flats and 
geological ebiarvitloai oa cha lalaads OuuaaA 
that cha uppar plat* to tha rig los of Ervoossgo 
■ad Tnnaa ll divUod law ■ astlas of hlooho 
that its different lolly oyllftsd sleog uinlj 
H-II atrlUng foolts. furls* tho 0B« 

uparlnut isvarol ahsllow tvuta warn vall- 
Usatad taaisth th* Oarlolls trough, a fltfllto 
faatura locstod to lha aitl o( tbs vol suit arc, 
Viil-diiaroiaad depth! af thasa avuta are 
hatoaan U sad 21 to. Tha wall-located 
Into rs*liata*dspth avaata daftaa ■ 20 lm-thlok 
Bsoioff uoa that ba* A dip af abut 70*. Iho 
spatial distribution ol stmts within tha 
4 esc tni lug ilib I* vary strong >7 iloaloiod In • 
par slat tot pattern that I* »**n In both tha 
■hart- tana aaapln of aotll avuta d it* raised hy 
tha local natworh aad tha Long-tin aupla of 
locacloai blind on worldwldi ddti. IrvaraL 
focal pbahaqiiu of aodaraia- in Urgn-aian 
into nod 1 st o-dnpth ivoots show eufonanta at 
Lacaral txteoalon along tba atrlto nr tho are 
and soda ihov coapontors at lacaral cup* Ml to*, 
bath of which ctall ha lalatptatad a* tha result 
of a lateral handing of ths diesis* leg plats U 
th* pan «f lha souths t* Hsw Bahrldaa Aro i*trs 
tha trnch bsglna to *urv* Around lo iho aail. 

J, Oaophya. las.. Rad, Vapor 16057 L 


I£" mWUCTM OT HI «»» -. MEMO MUDT 
or obtul anuTH rm sutir un 

Hiu lolaid 

ii , IM 001 low esotersd 16-87 k> »Md- 
pf tha traooR H» and a *66 M4 high ■»«■ 

pa tor aro rldgo, tot IMjhovRfmr law 

i lisa «r*l*l#d to topography. I -ID «n& 
1 * road on Uta itnoUrl U» bapftan ton 

iK Honda and Buolroi *rtt nf “tof- t “ 

>1 rlsa (it ■ grad l ■» t 9* • dW/ta) lo 
•d to ■ RMr-Nrfur Mr of high a sully 
lel toosaaU email) 1 to wtol sod l«na of 

u. Thi ■ lab Ml bo Ssposid oB tho 
jui Mr) of HUi, Vtasr# uILpoorflo WU* 
tSn M*PM. «d iU morlharly IM* Con*- 
I put norlMMMrty tothyutolo tonndi) uf 
.I liad to other ohl tonal y- triad Id* Rtm»- 


turas osar taro, to n fropoaad strlks-slLp fault 
whioh iniHi Iisii and/or u> tho baauant high 
topped by tha Batu lalAndn. I -30 sDsl fram-mlr 
Iw n«r the foraara ban In un bn modal od kail 
ir pre-KiocsD* od lingo or eonlinantl cruet 
imdorlloa tha basis, and It sous unlikely Ural 
tho bis In can ba undsrlain try a large thlcknaaa 
or ocatnin erust. (dunto Ara, roraaro tuln, 
gravity annul laa). 

J. Gupkyi, Raa., Red, Piper 1698)6 


8159 ylsta twcloslra 

IBOSTAIT AHD THE ANBIZNI STATS OF 8TJE9B IN 
m 0TIAN1C LITHOSFtnE 
F.A. Dahlan (Department of Canloglcal asd 
Gaophyalral Bcisncis, Frlncaton Usivaralty, 

Pr loctlon, N.J. 06544) 

Two conditions ar* no raa 1 1 V cansldarod to ha 
char.c tar I si Ic ef tha alilo of icrasi in o avatrm 
In local Isostacic squlllbrlrra. Th* liial ia 
that ths itrasa I* hydrostatic to low in, depth, 
tha lava I of coaptnstl ion, imd ths iscond Is that 
ahova chat dapth that* era no virtlcal shear 
strassts, in the css* of a planar iva-dlMnsinnal 
nid-ocoan ridge that* ih condltioni ruffle* to 
drLarmln* th* atrait cwpUtaly axcipi for th* 
normal rupunant parti I ml to th* ridge, but to 
dstsraina tbaL component an additional assumption 
i* raquirsd. II ia proporad hsrs that an appropriat* 
additional asauaptlon is that, in unfleeed region 
whara Ih* sire** is du* only In lha *l*vitian af 
mld-ocaon ridge*, tho davlatorle stria* in rhv 
oceanic llthosphsrt la a minimum. Ths unique list* 
of davlatorle strasa coni 1st mnt with this asartapllsn 
la harlaontally (oipriisiva in ■ direction 
perpendicular to Lha axna of mid-orsan ridgas with 
* magnitude In old ocran baa ini af a few hundred 
hsrs, to sgrsmanc with oevanlc intraplatm aorthqusla 
machsnlima. At an* given distance from ths rldqs, 
thu strait is eiisia-.im ar che seafloor and ic 
dscrasssa with dapth nt about ch* sax* rata as the 
cooling af the lithosphere, in chat the antira 
thaiail boundary lever up be rngaiJed sa acting 
In aupport lha global aquare-ro-.t-nf-sge top. araph, 
of iha ocaana. 

J. Guiphya, Rea., Red, Papar 110617 
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V9H9 /I'kIA BASIN ikUSIAI S IAi-i ll'HI. 

I I. OI-l.-lJ |9.in. all -Is.h.-ri v <.,-•> I..* l--.il i>i.- 
-■>-rw,i|.>rv ..I ■'.'Ii.iMi I'nlvi-r -II t , F.,1 1., ij.-w. 

V-w Y,.f| Ikl9h-i1 KStnlfjJ-.lliihl rsalll. Ico. h.m 
Va a l>-. Is v-«l«<prl, pr.'l 1 1,- -i Ji-r Ivi-.l f,.-i rwn- 

■h Ir 1 -|.in.!lnx tpre.id t-ipi-r Irtinlu, In f...il.lu ,| |,.i* 

will. ,.|h, r w—i-li.ilrsl . 1 -itj, . 1 ,'lliu* !W .lur- 
■.IrrlHiltH »f (vi Jtwilnil I vpna nl V-nreui'l s 
hi -■ In i ru ut .in I !!.,• hi. ,,n I. it r lietworn I In n. harti 
IM.-chlp 4'irai..,, H i.i l >..|nl rvM,vl I m/r >-i r t Inn 
pr.ifllr In n'il>.n.it |r il In rr.in.if.-rr...t into el-* i -i> 
plan., "plckwJ" anJ Ini, ri-rer. I ru pr-nrldi- V(?l 
liin.ilniin with .ippr-prlml ,• , .*nt IJ-n. - h.-und'i. Cl.r 
ii'-njlta, (..peilwr vlrh xrtvltw. n,qn.«ri.- .an .1 n.-rr 
vcrllr.il Ln, l donee rellavs Inn >1.it.t. reveal ,i 
5n.f.0i'i let* irl.inule ol Venacuel.i Hsetn ■ C'i .1 d.U> 
rev, Mr lev nnrml uceinl-' • r-i't l>« r e n’.nut I- .|iilvt 
r-'iv . A.nh an] vast nf ihtw irl.ingli- ll,-, il.,- 
irc.-l...i,l-, .Ir-flni-l tlilrk. “i -\r thbs.m" • r.isl (,-ivln. 
IW1- dial In l Isv-ru jh.-v.- cl..- »-dli>...iil InuUw. 
A,.u,,r|- t'lveri-nt rl,-r.- ni rt-.irs .m-i-uiilK ■n,..rl.. 

■Jiie I I .-tv- In- I- 1 .1 i|r I . util- -ml lliw. wl.|,l. 

w.*re . ..re-l . 1 ! r.'.|.]- -ilt.-- l'.’..'|..» i.IUu, n 1 
I nl 1 1 l.iw il . 1 1 . . 1 ,-i-ih . i-> • ini I, in- v<> 

lliin ill-ill. Int .1 c-r,-' it l.-n-i •-> "•••it s.irl- .1 
ml -IJ. .uial, rctln rl.u I if i -l-w »l.ii in. 

"•'Ii - 1 -jHi.il Hit- kn>-- t — Iu.- n-l .-nl. i - i * • 

,-n. I Kir, n' r.| in,- | |..j. ki.r i .. i r... ,.,-r • . 

F- ,* ■ i . g . rvwlnl rhl.k-i ll.in i. -i — a l . If .■ 1 ir 
h,-»w ,«, ii c r.e ii-- .tiuril a r •• ■ - in. ■ m - u 
•A. I .-iilll-l- t'..- I -Inn.r , r f .,. * r 1 1 ,n.i 
■'lun.-rl, 1 lnwa> | ...., 11 . 1 - i .,..! it . r.in.kl.-. .i 

|..sl!l.-it. ih nipt, r .. , In ii.-r-l. -ll'. i lie ;-r.. - 
*/ 1 mi- 1 , l.-l in.-d ”.. »«’ r ■ I ■■■,iij ;.|.-1 i ?i»in i,.i.- 
j.-nc" Fnr'Nrr «*u.l, II r..|.ilrut !-• d-ret-i-i. 
vl.eir.e-r thin b.unjjr. I -. ..I I ■ • * nl .TUt-. ,i k* 
Ii rvpr«-«-ntv .■ - in*i- In .rvle • ru*.r ,1 
pru Jure Inn. 

J. Gaophys. R.c* , , Ral, Paper IP0929 


81 W Inafrimwot) and uchniquai 

(ZWRAL CH4SACTER ISTia «* 8 TRAIN UIA*ATIC»I * 
NOTE CH SAMPLE PUP ARA I 1U« F-.R LARif -taOML ILIFh 

T. Engwldar 1 Laont-Doharty Gaol . Otar, ol crt-aon 

U. , Falismlww, NY 109«r.) 

Onrcorlag and larg* block ima inli.-aio rhar 
intact rocks ara disturbed upon removal froas out- 
crop* so chol chair laboratory proporoai ar* not 
tha rea is thair jg aim praperclra. Th* dls- 
Cut banco occur a during strain ra Isaac Ian foe which 
chars srs gsnsril charscesriscics ia listed m 
chla ncla. 

•leaphym. Fas. Lee*., Paper ILDblO 
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THE 1866 CHARLES tea, 5917TB CAROL l KA ZAmQOAlZ AND 
THE APPALACHIAN KTAOUEH 

L. Issbar 1 Lsaonr-Dohari y Coelogicil Obsarvatorv 
of Colubia Uni vanity, Paliaadsi, lev Tech IflIU) 
aad J. Arabnistar 

SavsraL linsi ol avidanca fru maw asd aslitlag 
data ara conaiicuc with n axe ended Fault slip 
asaeciatad vi th gfaa 1846 earthquake In South 
Carolina. lick-illp cm * portion af lha 
Appalachian dacoehmane appratlmscaly corral- 
poodisg to ch* Coastal Plain al touch Carol iu 
fits ■ dob of tba data imctudlug coialamlc and 
post-eaiamlc strain lad j cat on. A small asitmie 

■ rare* for tha August 91, 1666 osta (hack cause 
ba rolad out, aad a larga, bnc stly parti illy 
aaliaic fault-all? ts poallhla. 

Daring this art at imtaaelclas nf MN>.YI11 
DC cor rod over a wid* area of chn Caesial Plain sal 
ara ug t intend go ihe Ckarlattoa-lramrriUa ares 
when tba cradialaul amall aouxea for this aarlb- 
qutka la locaead. Iiar-aouro* a (face l such aa 
groond flsaoring, llgislaettsa, chant** ia VLae- 
of-slgbc, forccboaka aad sfrsribockj occarrad 
over s vide araa ol aba CmicaI Flsin and nai£> 
boring iatar Tiodmaati which an Tatar CO a* Ike 
mcitocaional area. This aca* ia sharply bounded 
by Ut liniaik Rivar towards ike soutbwtsc tad 
■ffsesimatsly hy the North Carolina -lootk 
Ccsllim* 1*4*4 border towards Ua aorthean. 
Thai* ha n arita an oat ■•seriatod with any Ism 
I tract un Craoavarsa to Ua atriha of lha 
AppslHhf so* . 

During the U ynnra prior lo IU6 safeniclty wa* 
c ear aa trie ad around cha noiaoaaCsmal ins ohlli 
(ha rslisltlty wiUla that ana waa Mutually law, 

■ attest lug 4 premonitory doaghkst-liVa psilin. 
Ths lacttaU? diairi hallo* !■ the far aad Mar 
fit Id of ih* 1U6 * wot sad of Us grast Indian 
detachment alrUiqilltli a.g. tha 1965 M - d and 
tha 19)4 K * 6.6 ***•(*, aro quallt itlvaly aad 
qassti tit ivaly ststtai. This It CMtistant with 
t tapir able source iismitsa lines wall ksM 
i ■( era sd lit* aagnltwle eogthgukat In India an! Is 
H aetata Notch Am* i lee exhibit * toller fataaalty 

S et tame and indie tie similar saLtmic litotMtim 
■ Ut iw erttoale asVi rotaosu. 

Itnril water* af CMsI*nld (IM6> aorthwau 
•nptstiiM strafo Mar IhtatrlUt Is Lfkdioacai 
by hoehlioi of rtllt, A lugs poit-aafsala Mtaal 
disolUtatat ia laf|SM*d by r*!*v*ling data 
(LMS-1H6) at rail th* Irovatd (mil ion* nsilp 
(norihwait) ■( iho pNiml IH6 dotoehmanE slip. 
Thasa otralta ar* cons I team with a sort baas Iward 
allp of tho dstaehod ecysEalllno a hast agsoclatad 
wlU tho >666 aattoqsaho. Art 11 ibis data lodi- 
sstta toot it tb* a oa thorn Appal oahlsH tba updip 
nmlilm Irma isilam kirlidittl .in Utst 
kpH*tataI aomyrasaira tlrtit In cha dip direction 
(pocpandLemlar la ttroctnrol trend a) eccari 
■mnkaca |o tb* Piadaonl, asd My cotnetda with 
Cha atasput port loo al tho dainehtaaaa. 

ft* *cri*a-(itld nay alts ttatslt a ttoa- 
dtfaodaoe CeapotanC. In tbs aodlaaat* at th* 
Coastal Plain* aetbogonai s*ta mt ■iihrarttoil 
qt astla dlhos or I sot sd along and across the 
Appalachian atriha di rant ten anggatL out or ante 
Inttccbtago of the principal oirtio **a*. V* 
Ular from eoetianlc dry flteuriag and llque- 
t action that elastic dtkoa flllod fra ahara ssd 
fra below war* alaa gas* cat ad during the I AAA 
ara at. Ptohleeoelo clastic dlhas along with other 
i trust st** la tha oadlmtata nay haw* b*so 
Its* raced 4ns log prshtsterig siiikqg,k,i aloUar 
to tb* 1166 ***«t. Stress rarprsali enrraepondlec 
to •arthquha eyolas My eheraccoriaa tba sums 
flaid witbU dstaehod ahaata or wadgaa tba* wave 
prloorily by great ieitthtaK aartbqaskf 
mpcuxra. 
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